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GEOMETRICALL 
E X ER CISES, 

FOR | 
is 
Young Sea-men, 
And others that are ſtudious in 
MATHEMATICALL PRACTICES: 


ang I particular TREATISES, 
whoſe Contents follow in the next Pages. 


All which EXERCISES are Geometriclly performed, by 
a Line of Chords and equal Parts, by waies not uſually 
known or praGtiſed. Unto which the Analogies or Proportions 
are added, whereby they may be 1.7 jp to the Chiliads of 
Logarithms, and Canons of Artificiall Sines and Tangents. 


By William Leybourn, Philomath. 
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The Fourth Exerciſe is «4 Method of Proj 
penal ere inPlanos ETA 5 
S a are in t 
rm If. By which the Natuze of thew is diſcovered, and 

A weeſured with fpecd AAR: OE ETA 
JETT it 


elf: 
c V. 


The rifth Exerciſe declares the —_— of —E——” Pro- 
| A3 


blems 


F The Contents. 
blems which do naturally ariſe. outof every Sphericall Triangle, 
both per and Oblique- d which are reſolvalle there- 


by. Deſp beds they re ; PE in he Projection, 
The Sixth — contains ſuch Aftronomicall Propoſit ions 
ipyre if frequery® the Praicgof Navigations U which 
8 ropolitipns \ reſokved by ork tht Sides 4 Angles 
of Sphericall Triangles apox the Projettion;.” © © 
vu 


© 7h Seventh Exerciſe Pew} bow the foraging Ahtrodd 
Pibpalirgns we hed to Fares mite of Navighti- 
-f 


on: As to fin he Latititde-.: Hour ;' Variation-of the Com - 

pals, &c. | 22145 
ONO = VAI. 

' The Eighth Exerciſe tontains ſuch Geographicall-Propoſitions - 

4 concern the finding of the 7 ark xCes porn the T erre- 


{trial Globe' in ay Poſition, both' by Trigonomeaticall Calculs- 

tion axd Geometrical Projetion. 

$? hy oil | » - F IX. © | * | oy 

"The Ninth Exerciſe flews the Of of Right-lined Triapples 

in the Praftice of Navigation z whereby. ſeveral -N Antzcal 

Queſtions are reſobved, many Problems is retlng, both. by the 

Plain -aud Mexcator's Chart, performed by Protrattion, Calcu- 

lation, 4rd wrought won the Chart it ſelf. \ 

Theſe are the General Heads of 'rbe Nine'Exereiſes': AI abicb Pay | 

= ' tick/ats you will find in the folldving Treqies ;\ with addition 

' of #hat is berereeited © + And.the wt of alike Exerciſes - 
performed by majes not nſnally known or praftiſed, 
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To theReader. 


AT Aving heretofore publiſbed tothe W orld ſeverall 
: F Treatiſes tending tothe Practice of the Sczences 
FI 


\ 
—_—_— | Mathematicalh as, my Arithmetickin Four Parts, 


| 1:Ywulgar, 2. Decimal,3 .Infirumental, and 4, 4ige- 
Wit | Hen EE none 


” 


of the Liwe of Proportion made 3 the Uſe of Napiers Bones 5 
my Compleat Swreeger; my Platform fuekdire aa Guide 


for Builders, and Mate for Meaſwres, &c. All which have found 
good acce in the World, as may appear bythe ſeverall 
Rk ofthem have / wap og rar 
good at to publiſh ſomething that might be »/ef#// and 
beneficial for my Conntry-men, Engliſh. Navigators 3 hopi 
that I ſhall receive from them Clopete pas] have already,an, 
hereafter may named. a ene lcbhe, ; 
couragement by their acceptance. of, what ( out of free 
will ) Itender to them, then I have already from eng for 
what have made publick for their Uſe and Service, 

In the Nixe following Treatiſes I have furniſhed the Towne 
Sea-man With ſuch praQtical Exerciſes.as tend wholly to his Ex - 
playment at Sta't inning, firſt, with ſome few Geometrical! 
Radiments that are- abſolutely. neceſlary for him to undeultand 
and be perfett in the Practice of, before he launch farther into 
the Mathematicall Ocean. _ 

, From theſe Elements; I proceed to the Geometricall Dimen- 
Yor of Triegles both Plain and Sphericall, upon the Solutron 


where- 


To the Reader: 
- whereof all the PraZick Parts of the Mathematichs do depend. 
For an the$0/ution of Right -laned Tri weſes,allPy tions which. 
concern Leppard; or or the , Depths and 
Difl ces,cither upon the Lend or at Fee 3 + ER 
Meaſuring of Lend, Board, Glaſs, Pavements , s, &c. 
all in Striowetrga, or the Menſyration of Solids, ſuch as _ 
Timber ; and t 3 All Pre ' eg pogrbe th -the 
Tlain $ea-Chart, and. alſo by © A Projection; 
althat concerns ; Fortifie cation, | 
dence.—And by Y raply, #6 of od T angle, == 
in ronomie, Ge 8diling. Arch pf \e-grees Core 
ne, TN rn wen of Stars, Comets, &c. are 


to be reſolved. +; 3 | 
Trigowwmetria, therefore, e#8 ary Fon pov - 
- which the forememtioned uitnres ATE cre. I choſe 


firſt to begin with chat. And how I have performediit ww | 
what rw minke: ied it; which tend tothe emodie : 
Art of Nevigeation, Comtemtr of the (eyerall Exerciſes w 
Fs ale Nreſolving of Trienghs both plain and 

nthe Ceometrice | 
ricell, | have gone in a Path not before beaten... age 
if I bave mien regs of my way,. either by 


ingenions he ieten (xbo ark hn MATE 


manner and waics of Worki 

monſtration thereof) wilt not -_ or ——_— RY wr oh in-- 
form we or the Reazter of any ſuch Deviation. But in the Pur- 
ſuance of every Exerciſe, T have therein NN NCe, 
thod, that F cou mM 'F 


qarw= 


To the' Reader. 
have occaſion for. And that Proof or TFriall may- be made 
ns 090 ge I could in a few Lines demonſtrate the nature 
and manner of Working) I have to every Caſe, Propoſition and. 
Problem in the whole Work contained, added the Azalogies or 
Proportions by which they uy be ſolved by the Canons of Ar-. 
= Sines and Taxgents, and the Chiliads of Logerithms : So 

t ſuch as have thoſe Tables ( and know their Uſe.) may” 
work any Propoſition by them, and by thot diſcover the Diffe. ' 
rence between Calculation and this Geometricall way of Opera- 
tion. 

And that the young Sea-wan may not (at any time)be to ſeek. 
of Tools to work with, (in caſe of any Miſcarriage at Sea ) I 
have _notonely ſhewed him how to »ſe, but alſo the manner 
how to rake, all fuch Ir 7 as will be in uſe to him in the 
Pradtice of theſe Exerciſes : As of his Line of Chords, which is 
the chief; andalfo of a Sea-Chert according to Mercator's Pro- 
jeQtion, without the help of a Table of Meridionall Parts, or a 
Acridian Line, but eaſily and ſpeedily by a Line of Chords onelys. 
and that cither Generel, from the XquinoGial towards cither 
Pok ; or Particutzr, for any deligned Nevigation.. -... _ 

Moreover, in the Working of the ſeveral] Qveſtions by Mer- 
eator's Chart, I have, at the end of every Probler, given an ac- 
count of the Difference arifing between Working ; that and: 
the Plain Sea-Chart; w the Errowrs of the one are clearly 
detefted, and the Yerity of the other diſcovered. 

I might have pr ed farther,to-the performance of other 
things by the Lize of Chords onely ; as to ſhew the manner of 
Sailing by the Arch of a great Circle : bat that, with ſome other 
things tending to Nevigation, I ſhall ſhortly make publick in a 
ie formerly written by my felt and Mr.Vincent ly ,nOW 


in my hands,and almoſt ready for the Preſ7,and wholly 

ed for the Uſe of Sea-wer.—And for farther Uſe of this Line, 

I have ina Treatiſe (now inthe Preſs) taughethe manner how 

todelineate all manner of Su#-Dials by projeFing of the Sphere 

in Plano,whereby not onely the Making, but the Reaſon allo,of 
a. Dialks 


To the Reader. 

Dial is diſcovered. To which Treatiſe (if my-preſent accal- 
ons will permit) I ſhall adde beth an Arithmeticall and an In- 
ſtrumentall way of Dialing alſo. 

. Thus, friendly Reader, at ys | Laan thee with legs 
and in a few Months thou mnrenl tl og, 
thoſe above mentioned. All Foes I hope will be as 
accepted, as they are freely tendered _ AS 


Will. Leybourn. 


Arts and Sciences CE TER CALL 
Profefled .and. Taught. by. the Authour. 


| In Whole OR _ Frati 
Srichmetick, 4 in Dem [ln Decimals, agd b 1 Log eh ——a 


ſtrumenraſly, by Decumal Setles, Ns Dons : and to ex aedths 
| £ Square and Cube Roors Inipeftion. = 8 =} 
4 ce, A. 
Geometrie : a tnny and”. ATA EET 
nitration. .. 


Demo 
The Deſcription of the Circles of the 


'M Celeſtiall, and 


© >To project theSphere 3 *% Play ypen ad rows Pi 
And npon theſe b-anboer ag the foflowug | 


Hs. Toners, &c. 
| Oy or the 2 dE: ——_ _ R; Del- 
| — 


Menſuration of 


reS ers, oe. 


and any cone OY 


wwnatisa;', or - 


| Menſuration of ot _ 
CGeodefea, or the Land divers waies, and by ſeveral 
Inſtruments ; ro =_ the Plot of a whole Minnor or Lordſhip ; 
to caſt up che Content thereof; and to beaurific the ſame with all 
necellary Ornements — belonging. 


, the Menſdration of Triangle, on Phe at 
Trigonometria: A 
The Application thereof, in the ſoluti- 
- on of Problems in 


| Dial, 5: 
The P [ Cl . 
Pavigation : Ig. Procpe thereof, and he Mercator's Cha ”_ 
"g.97 The Arch of a gyear Circle. 
SINes. 
$ " Arithmetically » by the Tibleso Tangent: 


Pozologiographia Logarichms. 
Or 3 : Scale, and 
Dialling ; » YU es. 
F Lofragenta "Qudren; Series, yes zer [oſtru- 
accommodared with Lines for that 


XP may hear of him at at Mr. Hayes's at the Gfrdaggori in Mow-fi ds. 
 MADF ER- 


ADVERTISEMENT. 
A ND here I thought $00 to give notice, That if 
a 


any Gentlemen ſtudious in the Mathematicks 
ve or ſhall have occaſion for Inſirumeiits thereunto 
belonging, or Books to ſhew the Ufe of them, they may be 
furnibed with all forts uſefull both: for Sea or Land, 
either inSilver, Braſs or Wood, by Walter Hayes, at the 
Croſs-daggers in Moor-helds, next door to the Pope's 
head Zavern ; where they may have all ſorts of Maps , 
Glebes, Sea-plats, Carpenters Rules, Pofi and Pocket- 
Dials for any Latipude.. | | 


0” _—. 


— — 


This o_ having ——_— the 9: and Ks Caſes of 
Sphericall Triangles in Page 53 and 54, being caſually omit- 


GE 0 
PROPOSITIONS and THEOREMS, 


Neceſſary to be known and pradiiſed for 
the more eafte underſtanding of the 
ſubſequent ExERrcises. 


The Firt ExExrcise. 


Tue ARGUMENT. 


» H E following Propoſitions, Theorems 
* and Problems, are ſuch as will come 
in continuall uſe in the Pradice of the 
EQ ſubſequent EXERCISES, and there- 
2, fore { have here . promiſcuouſly inſer- 

| ted ſuch as do relate to the following 
Treatiſes, and ought throughly to be underſtood and 
often praQtiled ; by which means nothing in the enſuing 
Caſes, Propofitions and Problems, will be difficult to 
be underſiood , but that you may gradually proceed , in 
Jour Practice, from Exerciſe to Exerciſe, without be- 
ing referred to any other Book or Books, 


y B GE 0- 
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CEOMETRICALL 


PROPOSITIONS. 


Proe, TI. 


A right Line being given, 'to divide the ſame into two 
equal parts at right Angles, 


"_ Wi L 
« 0» eh 


D* }'G 
A s B 
D«. |.g 
— *-D 
- 


E T the right Line; to be divided, be 
'B A B.—Firſt, open your Compaſles to- 
any diſtance greater then the length of half 
the given Line; then ſetting one foot in A, 
with the other foot deſcribe the Arches C C, 
both above and below the Line A B. _—-Se- 
eondly , (the Compaſles ſtill reſting at the 
ſame diſtance,) ſet one foot in B, and with 
the other deſcribethe Arches D D, cutting 
the former Arches CC in the Point E a- 
bove, and F below the given Line A B. 
—Laſtly , draw the Line E F, which will 


divide the given Line AB in two equal parts, in the Poiat 
G, andat right Angles. 


Prop, II, 


Upon a right Line given, to ered a Perpendicular upon 
any part thereof. 


ET thegiven Line be H K, and from the Point L let it 

be required to ereft a Perpendicular.—Firſt, open 
your Compalles to any convenient diſtance, and ſetting one 
foot in the given. Point L, with the other make a Mark or- 


- Pbint 


Geometrical Propoſttions. 2 


Point at pleaſure, as M. Then keeping the 


Compaſs-point in M, with the other de- _ $ 
ſcribe the Arch NN above the Point L, Flo 
and alſo another Arch atO, cutting the \ N 


iven Line in O. Laſtly, lay a Ruler M 
rom O toM, which will cut the Arch 
NN before drawn in the Point P. So KO TL K 
a Line drawn from P to L ſhall be a Perpendicular to the given 
Line H K, and from the Point L. | 


Proe, 1. 


From a Point above, to let fall a Perpendicular upon a 
right Line giver. 


ET the Point given be Q., and the Line upon which the 
B Perpendicular is to fall be R S. —Firſt , opening 
the Compaſſes to any diſtance greater 
then Q X, ſet one footin Q, and with 
the other croſs the given Line RS in 
the Points T and V.— Secondly, (the 
Compaſles unaltered,) ſet one foot in 
T.and with the other deſcribe theArch 
w w, below the given LineR S. 
Thirdly, remove the Compaſſes to V, 
(being till at the ſame diſtance ) and 
croſs. the Arch w w inthe Point Z—, Wo 
Laſtly, a Ruler laid from Q to Z will WZe- 
cut the LineR S in the Point X. Soa 
_ _ from Qto X ſhall be perpendicular to the givea 

ine RS, 


B 2 Prop, 


4 Geomerricall Propoſttions. 


Proe, IV. 


A right Line being given, to draw another right Line 
which ſpall be parallel thereto at any diſtance required. 


ET AB beaLinegiven, and let it be required to draw 
another right Line which ſhall be paralle] thereunto, and 
at the diſtance of the length of the Line C.——Firſt, take 
| the length of the Line C in your 
; ; Compalles, and ſetting one foot to- 
——— wards one end of the given Line , 
DS 3:08 & "+ as at D, deſcribe the Arch E. 
OW" Secondly, ſet one foot of the Com- 
"i. +  palſles towards the other end of the. 
given Line, as at F, and deſcribe the. 
| Arch G. | 
the Arches E and G, fo that the Ruler ontly. touch the” Ar- 
ches, and not cut or croſs them in any part. Soa Lige drawn 
thereby ſhall be'parallel tothe given Line AB, and.at thie 


diſtance of the Line C. 


Proe. V. 


A right Line being given, to draw another right Line 
parallel thereunto, which ſhall paſs through a given 


Point, 
T ET thegivenLinebeHK, 
> "tO which let it be required 
© +-.- . 
—__ L to draw a parallel Line, which 
M.: ſhall paſs through the Point L.— 
Firſt, take in your Compalſles 
o - | K the diſtance KL, and ſetting 


one foot of the Compaſles in 
| H, with 


Laftly, lay a Rulerto - , 


Geometricall Propoſetions. 5 
H, with the other deſcribe the Areh M M._——Secondly, 
take the Line HK in your Compaſſes, and ſetting one 
foot inthe given Point L, with the other croſs the Arch MM 
inthe Point O. So.a Line drawn. from L to O ſhall be paral- 
leltothe given Line HK, and ſhall paſsthrough the Point L. 


Proe, VI. 


Three right Lines being given, to make a Triangle, 
whoſe three Sides ſpall be equal to the three grocn 


Lines, | | 


take the Line N ig your, Compaſles, and lay that down 
from R to S$._——Secondly, take. the Line P in your Com- 
paſſes, and ſetting one foot in' S, 
with the other deſcribe the Arch mM 
VV. Thirdly, take the * 


Line Q in your Compaſſes, and D 

ſetting one foot in R, with the 0- = V. 

ther croſs the Arch VV, in the — 5 
Point T. Laſtly, draw the N— — 
Lines TR, and T'S. Soſhall yu © ——— — 
have conſtituted the Triangle T RS, _— = 
whoſe three Sides are equal to the three given Lines,N,P,Q:. 


F<: the three Lines given be N, P, Q. Firſt, 


Prxoe, VI, 

Three Points '( which lie not in a flraight Line ) be- 
ing given, to finde the Centre of a Circle, which being 
deſcribed ſhall paſs through the three given Points, 

| he T the three given Points be A, B,C. Firſt, 

open your Compalles to any diſtance greater then half 


the diſtance between Aand B: and ſetting one foot in B, 
B 3 with. 


6 Geometrical Propoſitions. 


with the other deſcribe the Arch GD. Then remove the 

> Compaſles, ſet one foot in A, and with 
FD the other croſs the former Arch in the 
£ I Points D and F, and draw the Line 
D F.— —Secondly, ( the Compaſles 
Þ {till continuing at the fame diſtance, ) 
{et one foot in the Point C, and with 
the other croſs the Arch ( before 
drawn) in the Points E and G, and 
draw the Line E G, crofling the other 
Line DF in the Point H. So ſhall H 
be the Centre of the Circle, which be- 
ing deſcribed ſhall pals dire&ly through 
the three given Points, A, B, C. 


PrRoe, VIIL 


Two Points within any Circle being given, how to de- 
ſcribe the Arch of another great Circle which ſball 
paſs through thoſe two given Points, and alſo divide 
the Circumference of the given Circle into two equal 
parts. 


T ET the two Points given be E andF, withinthe Cizcle 

ABCD. Firſt, through either of them ( as 
through E ) draw the right Line E D, paſſing through the 
Centre of the Circle at K. Secondly, draw the Line A C 
at right Angles to BD; ſo ſhall the Circle be divided into 
four equal parts or Quadrants, by the Lines A C and BD. 
hirdly, draw the Line E A, and upon the Point A 


( by the IT. Prop. ) ere& the Perpendicular AG, cutting the 
Line BD ( it being extended ) in the Point G 3 fo have you 
three Points, E, F, and G, through which ( by the laſt Prop. ) 
ou may draw a Circle to paſs, whoſe Centre will be at H : 
upon 


. Geometricall Propoſfetions, 
upon which Point if 
you deſcribe an Arch 
of a Circle, at the di- 
ſtance HE or HF, 
it will paſs through 
the two given Points 
E andF, and divide 
the Circle ABCD 
intotwo equal parts, 
in the Points [ and 
M, which was requi- 
red. And that this 
Arch, thus drawn, 
doth divide the Cir- 
cle into two equal 
parts, is evident, for. 
a Line drawn from E -* 
to M will paſs dire&- : 
ly through the Centre K.. 


Theſe are ſuch Geometricall Propofitions as are abſolutely 
neceſſary for the working of the ſeverall Concluſions in the fol- 
lowing Exerciſes. More might have been added, but theſe well' 
waderflood and praiſed will be ſufficient to'carry.you through 
this Work. | 


Andanow T will deſcribe wnto you the making of the ſlight: 
Inſtrument Ly which all peter in this Book is performed, 
namely, The Line of Chords, and fhew you the general Uſe 
thereof, in the protracting or laying down of Angles of any 
quantity: Or if any Angle be already laid down, to finae 
(thereby) the you thereof. Then will I give you ſome 


few uſefull and neceſſary Theorems, chiefly appertaining to T ri- 
gonometry, or the Solution of Triangles, and ſo conclude this 
firſse EXERCISE. 


How 


Who: 7 
How to make a Line of Chords. 
k Ccording to the largeneſs of your Lize of CByrds you 


intend to make, draw a right Line, as A B, and upon . 


the Point A. (by the IL. Prop. ) ereft the Perpendicu- 
lar AC, and upon A ( asa Centre ) deſcribe the Quadrant 
BDEC, which you muſt divide into go equal parts or De- 
grees. Which that you may readily doe,your Compalles being - 
opened to the diſtance A B, ſct one foct in B, and the other 
will reachtoE; alſo ſet 
—C one foot in C, and the o- 
T ther will reach toD : ſois 
your Duadrant divided in- 
to three equal parts, each 
art containing 30 degr. 
his done, divide each of 
theſe three parts into three 
more ſo ſhall you have 
divided your 9nadrant in- 
to 9 equal parts, each con- 
taining 10 degr. and each 
of theſe 9 wm being di- 
A vided into halves.will con- 
'-_ tain 5degr. and (if you 
make your Line large enough ) you mult divide thoſTinto 5 
equal parts, which you may very well doe, it the Line A B be 
but two inches long , as all the Schemes and Fignres in theſe 
Exerciſes are drawn by a Line of Chords of that length. 

Your Sxadrant bcing thus divided into go degr. draw the 
LineB C, and parallel thereto twoother Lines, one pretty 
cloſe to B C, to contain the ſmall Diviſions, and the other at a 
larger diſtance, to ſet the Figures in. Now itis the Line B C 
which 1s called the Line of Chords , ( poſlibly for this —_— | 

c 


of the Menſuration of Angles 9 


the Arch or Ark BD E Crepreſenting Arcav, a Bow, and BC 
the Strivg or Chord thereof ) the di whereof are to be 
transferred from the degrees of the Bnedrant B DE C, in this 
manner. Firſt, ſetting one foot tof your Compaſles in B, 

extend the other to 80degr. in the ar” Arey and from the 
diviſion of 8o degr. inthe @vadrant draw the Arch 80, 80, 
which will cut the Chord-Liwe in 80 : 3 doe ſowith 70, 60, 50, 
ec. and the like with every fifth degree, as you ſee in the Fi- 
gure, And if your Line be very large, you may doe ſo to 
every ſingle degree, and part of a degree, And by this means 
have you reduced the degrees of the Qnadreyt BDE C to 
the ſtraight Line BC, more commodious to be ſet upon a 
Ruler, then the crooked ArchBDEC. 


The Ules of the Line of Chords. 


TT: Uſes of this Line are principally two. The oxe is, 
| Topretra@ or lay down tn rd Paper an a of ny 
The oe that is, of any grees _) 

he Ve le th dearey relidor _— 
finde how many degrees a degree ir containerh. 
In both which 1 would have Eegke Reader very 
becauſe very much contained in this Book hath dependence 


a 

here it will be that ut 1 giveyouthe Definki- 
on w an Angle. Know therefore 
an Angle is the Inclination — 
of two right Lines the one to the 0- 
ther. —— As the two right Lines 
CA and B A incline the one to the 
other, and touch or meet each other 
inthe Point A, in which Point, by rea- 
ſon of the inclination of the {aid 
. Lines, is made the Angle CAB, 


10 Of the Menſuration of Angles. 
And here note that an Angle is commonly ſigned by three 
Letters, the middlemoſt whereof ſignifies the angular Point. 
As in this Figure, when we ſay the Angle C A B, you are to 
underſtand the very Point at A. 


I. How toprotra& (or laydown upon Paper) an Angle 
containing any number of Degrees and Minutes by 
the Line of Chords. 


Raw a right Line at pleaſure, as A B, and fron the 
| Point A let it be required to protratt or lay down an 
ngle containing 40 degrees. —Firſt, open your Compaſſes 
alwaies to 60degr. of your Lize of Chords, (which is equal 
tothe Line A C of the Nnedrent, ). and with this diſtance, ſet- 
ing one foot of the Compaſles upon 
the Point A, with the other foot de- 
ſcribe the Arch B C.._— Secondly , 
take in. your Compaſles 40 depr. 
(which is: the quantity of the Angle 
to be laid down } out of the a__ 
Chords, from the beginning thereot, 
._ and ſetting. oneffootin B, the other 
will reach to Cupon the Arch: where- 
fore through the Point C draw the Line CA. So ſhall the 
Anple at A contain 40.degr. as: was required. 


II. An Angle that is already protrafted, how to finde 
the quantity of Degrees it containeth, 

U CAB were an Angle alread aFed\, and it 

were required 1 ndethe quit aedC————#, 

open your ( ym to. 60 degr. of your Line. of Chord: , 

and fetting one foot in A, (the angular Point). with the other 

deſcribe the Arch B C.——Sccondly, take in your Com- 


cs 


Of the Menſuration of Angles. un 
the diſtance between B and ©, which diſtance ap 
to your Live of Chords, (by ſetting one foot in the begi 
thereof) and you ſhall the other to fall upon 40 degr. 
which is the quantity of the Angle at A. | 

Thus have you the Uſer of your Line Fo in protre- 
Hing and finding the quantities of Angles. now it will not 
bei inent , if in thisplace I you how Angles ma 
be protreFedandlaid down, and alſo their quantities found, 
by an i»firxment which I ſhall make uſe of towards the end 
of this Book, which I call -a ProtraFing Quadrant. 

Jes Deſcription. 
TT isno other then a Qxadrert made upon a piece of very 
Fs: and divided into codege. the Braſs being cut 
away cloſe tothe diviſions of the degrees on the out-fide, and 
alſo the hollow within, fo that there remains nothing but the 
Lone a, NIECE - 

protraGing or ying wn les , in finding 0 
the quantity of Angles already laid devrn, this is 
Its Uſe. 


Uppoſe you were- to 

e — 
the Angle CAB. Hold 
a Pim or Needle upon the 
A Point at A, to 
which bring the Centre 
of your Puadrant, (noted 
alſo with A) and there 
turn it about, till the Me- 
ridian Line thereof, A B, 
lie upon the Line A B of 
the Azgle : - then ſee un- 
der what degrees of the 
Sxadrant the Line A C 
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heth, which you ſball find to lie juſt under 40 degr, And ſuch 
35 Re of the A eCAB.—And NS ne 
BA you were to p ſuch an Angle of 40 degr. Lay 
the Meridian Line of the Q»adraxt upon the Line AB, ( the 
Centre of. the Q»adrawt apon the Foint A) and with your 
Needle make a prick or point juſt agaiaſt 40 degr. of the 

axt's limb. So a Line drawn from A through this Point 
ſhall make an Angle of 40 degr. 


T rigonometricalt T heorems. 


I, Triaogle is a Figure coaliſting of three Sides, and as 
3 as is the Figure CAB. | 

2. Any twoSides of a Triangle are called the Sides of the 
Angle contained by them; as the Sides C B, and A B, arc the 
Sides containing the Angle CB A. 

Fy The of an Anglolathe qporthy of the Arch of 
a Circle, deferibed upon the angular Point, and cutting both 
the Sides containing the Angle. As in the Triangle ACB, 
the Arch f g isthe meaſure of the Angle at ©, the Arch d e 
ans meek the Angle at B, and the Angle at A js a right 

e containing 9go degr. 
ad 4. A Degree is the 


oa 360. part of any Circle. 

Ol Therefore, 

5. A Semicircle con- 
tains 18 degs. And 

6, A Quadrant (or 
right Angle ) cpatains 
9O deg. 

7. The Com 
of an Angle leſs then 9o 
degr. . is lo much as that 


Angle wanteth of 90 deg 
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As the Angle ACB of the Triangle contameth 53 depr. 
7. min, the Complement whereof is 36 degr. 53 min. ts 
isfo much as 53 degr. 7 tnin. wanteth of go degr. For if you 
ſubtra& 53 degr. 37 min. from go degr. ( or 89 degr.. 
60 min. for eaſe in ſubtrafting ) the xemainder will be 36 
tee. 53 min. 

. The Complement of an Angle to a Semicircle js ſo much. 
as that Angle wanteth of 180 degr. So the Angle C being. 
53 _ 7 min. take 53 degr. 7 min. from 180 degr. (or from 
x79 degr. 60 min. ) and the remainder will be 126 degr. 
53 min. which is the Complement of the Angle C to 180 degr.. 

9. An 0 right, acute, or obtuſe. 

10. A Right Angle is that whoſe meaſure is go degr. or a 
Quadrant. 

1. An Acute Angle is leſs then a right Angle, and alwaiecs 
contains leſs then go degr. 

12. An Obtuſe Angle is greater then a right Angle, and al- 
ro Trade CE: led, oblique-angled. 

I3. els r right-a or 

14. A right-angled Triangle is fuch > Colt one 
right Angle. As the Triangle CAB hath one right Angle, 
—_— Le CEE egr- BEE. 

I5, In every -angled Triangle, t which fu 
tendeth ( or lieth oppoſite to ) the right Angle is called the 
Hypotennſe 3 and of the other two Sides the one is called the 
Perpendicular, andthe other the Baſe, at pleaſure :. But moſt 

the ſhorter ſide is called the Pe ar, and the 
longer the Baſe. Thus in the Triangle CBA, BC is the 
Hypotenuſe, C A the Perpendicular, and AB the Baſe. 

x6. In every right- Triangle, if you have one 
of the acute Angles given, the other is alſo given, it being 
the Complement thereof to 90 » As in the Trungle 
CAB, if you havethe Angle at C 53 degr. 7 min. given, 
| youhave alſo the Angle at B grven, it being the Complemene 
of that at C to go degr. wherefore _ 53 degr. 7 min = 

3 gc degr.. 


IA T rigonometricall Theorems. 
o degr. and there will remain 36 degr. 53 min. which is th 
= = wy 

77. In all right- Enaging whatſoever, ( either right- 
angled .or oblique-angled ) the three Angles together are 


equal to two right Angles, or contain 180 degr. Therefore, 
if you have any two Angles of a Triangle given, you. have 
alſo the third given, it being the Complement of the other 
wwo to 180 degr. Thus in the Triangle CD B, if there 


were given the Angle CDB 43 degr. 20 min. and the e . 
C BD redegr. 4omin Ifay, by conequecs — 
third Angle DCB alſo given, it being the Complement of 
the other two to 180degr. For thetwo given Angles BD C 
43 degr. 20 min. and C BD 14 degr. 40 min. added 
, make 58 degr. which being taken from 180 degr. 

-— a 122 degr. the quantity of the obtuſe Angle 
whatſoever, the Sides are in proportion 


18, Inall Tri 
onetothe other asthe Sines of the Angles op to thoſe 
 — Tri RG 1 tm the e at 

Is roportion to ich is oppoſite to it; 
as the Sine of the Angle at Bis tothe Side CD, or the Angle 


arC to the Side D B. 


THE 


THE | 
.0 4 EE. 
OF Right-lined 


TRIANGLES 


By the LINES of 
EQUAL PARTS, & CHORDS. 


—_—— 


—_ 


The Second ExtRcisE. 


W — 


HAT aLineof <qual parts, aud « Rn of 
5” Chords, i, is not unknown to any r= 
| / ſant inthe leaſt with Marhemaricl aFi- 

©} ces. For 4 Line of equal parts & onely « 
| Line of any length equally ay rr into any 
amber of equal parts, as 10, 20, 3O, 60, 
1c0,1000,&c. And a Line of Chords 
3s no other then the Degrees of a Quadrant, or quarter of a Circle, 
(which contains 90 degr. )) transferred from thoſe degrees to a: 
ſtraight Line, as in the foregoing Exerciſe I have ſhewed. Theſe. 
Lines: 
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Lines 4 equal parts a»d Chords, being put won a plain Ruler, 
(which any that make Mathematicall Inſtruments vow how to 
doe )) will, by the Precepts following , meaſure all manner of 
Triangles, whether plain or ſpherical, But before I come to 
the Solution of the ſeverall Caſes appertaining to T riangles, 7 
would have you take notice, That every Triangle, whether plain 
or ſphericall, conſiſteth of ſix parts, namely, of three Sides, and 
as many Angles; any three of whith being given, a fourth may 
be found. Now in the rey of right-lined Triangles, if they 
be right-angled, 7 call the Side oppoſite- to the right Angle the 
Hypotenule 3 and of the other Sides, comprebending the right 
Angle, 7 call the longer of them the Baſe, and the ſhorter, the 
Perpendicular. But in the Solution of oblique-angled plai 
Triangles, I call the longeſt Side of the Triangle the Baſe 5 
and the other two, the two Sides, without any other diflinion of 
Denomination or Name. Theſe things being premiſed, I come now 
to the Solution of plain Triangles, both right axd oblique-an- 
gled. And © 


I. Of Right-angled plain T riangles. 


{ E Triangle which I ſhall make uſe of in the feverall 
Caſes 3 + to a right-angled plain Triengle ſhall 


be this following, C A B, in w 


® AB, the Baſe, "180 
CA, the Pependiculr omains1 5 
C B, the Hypotenule, 225 + 
And __ deg, 
A, the right Angle, YO——OO 
C, the Angle at the Per comin $3——07 
B, the Angle atthe Baſe, ) 


C36——53 


Cast 


The Baſe B 4 180, and the Perpendicular C A 135 , beine 
given, to finde the Angles B and C. 


Raw aLine AB, and from your Scale of equal parts 
take x80, and ſet them from AtoB 5 then on the Point 
A raiſe the Perpendicular A C, and becauſe it contains 135 , 
take 135 parts from your Scale of equal parts, and ſet them 
from Ato C5. then draw the Line CB: which ehree Lmegwillt 
conſtitute the Triangle C AB. S 
Now to finde the Angles C and B, take in your Compaſies 
60 degr. of your Line of Chords, and ſetting one foot in C, 
deſcribe the Arch fg; alſo ſetting one foot in B, deſcribe 
the Arch d e- then take in your Compaſſes the diſtance from 
F to g, which tneaſured upon your Line of Chords wilt 
reach from the beginning thereof to. 52 degs. 7 min. and ſuch 
1s the quantity of the Angle at C. In like manner take 
the diſtance between d and e in your Compaſles, that diſtance 
applied to your Line of Chords will reach to 36 degr. 53 min. 
Or, when yon had found the quantity of the Angle C to be 
D 53 degr.. 


a 


53 degr. 7 min. if you had ſubtraJed that from 180 degr. the 
Es w— aye” degr. 53 __” quantity of the 
Angle at B, without drawing of the Arch d e, and meaſuring 
7 _ your Chord. | 

or {uch as have a Canon of artificial Sines, Ta and 

Logarithms, and-would reſolvethis Caſe by ther, this is 
The Analogie or Proportion. 

As the Logarithmof AB isto the rithm of A C, 
So is the Radius tothe Tangent of B. 


Cass Il. 


The Hypotenuſe CB 215, and the Baſe A B 180, being given, 
to finde the Angles B andC. 


of equal parts, alſo out of the ſame Scale of equalparts 
take 225, your Hypotenuſe, and ſetting one foot of your 
'Compaſles in B, with the other deſcribe the obſcure Arch 
+ k3 then-onthe Point A raiſe the Perpendicular A C, which 
will cut the obſcure Arch 44 inC3 then draw the Line CB, 
ſo have youthe Triangle CAB: then may you meaſure the 
quantity of the AnglesatC and B as inthe laſt Caſe, And 
{owillC be 53 - r. 7 lend B abou 53 min. 

Analogie or Proportzon is, 

As the Log. of CB is bs the Radius, 
So is the Log. of the Side AB to the Sine of C. 


Cass IN. 
The Baſe AB 180, the Angle C 53 degr. 7 min. and the An- 
gle B 36 deg.53 min.being given, to finde the Perpendicular C A. 


Di: a right Line A Bcontaining 180 parts of your Scale, 


[D's a right Line A B containing 180 parts of your Scale 


for the Baſe of your Triangle; then taking 60 degr. 
from your Line of Chords, on the Point B deſcribe the _ 
2 


Reffhilineal T ripomometyy: ; 
4, and (becauſe the Angle at B contains 36 depr. OF: 
n_—y degr. 53 min: from your Chord, and ſet it from 4'to 
e, and from B, through the Point e, draw the Line B C. Alſ6- 
upon the Point A erect the Perpendicular A C/cr the 

LineBCin C. So have you formed the Triangle CA B. 
Laſtly, take the length of the Line A C in your Compaſſes 

and meaſuring it upon your Line of equal parts, you fhall find 
: to contain x35. And thatis the lengt of the Perpendicular. 

A. 


The Analogie or Proportion is, 
As the Sine of the Angle at C is to the Log. of A B, 
Sois the Sine of the Angle Btothe Logar..of CA. 
r 
As the Radius is to the Logar. of A B, 
So. is the Tangent of B tothe Logar. of CA. 


CassE IV. 


The Hypoteruſe CB 225, the AngleC 53 degr. 7 min. and the. 
Angle at B 36 degr. 53 min. given, to finde the Baſe B A, and 
"the Pivgendicular C 4. 


Raw a right Line 


[ci containing 225 c a 
your Line of _—- gd 
parts3then taking 60 deg. 
out of your Line of 
Four oler Fe one =_ .- 
in B, an 
with the other defcribe 
the Arch ed; alſo (the 
Compaſles continuing at 
the ſame diſtance ) place 
one foot in C, and with 
the other deſcribe the 
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Arch g f. Then from the Point B, and through the Point 
d, craw aright Line alſo fromthe Point C, and through 
the Point f, draw another right Line : theſe two Lines wall 
interſe& or croſs each other in the Point A, forming the 
Triangle CAB. Laſtly, take the Line AB in your Com- 
paſles, and applying it to your Scale of equal parts, you ſhall 
finde it to contain 18053 and that is the length of the Baſe A B. 
Likewiſe A C being taken in the Compaſſes, and meaſured 
upon the Line of equal parts, will be found tocontain 135, 
which is the length of the Perpendicular C A. 

The Analogie or Proportion is, 
As the Radius is to the Logarithm of CB, 
Sois the Sine of Cto LENS of A B, 
And the Sine of B to the Logarithm of C A. 


Cien F7, 


The Hypotenuſe C B 225, and the Baſe AB 180, being given, 
to finde the Perpendicular C A. 


Raw a right Line A B containing 180 of your, Scale of 
equal parts, and upon the end A erect a Perpendi 
AC. Thentake out of your Scale of equal parts 225, (the 
length of your Hypotcnuſe given, ) and ſetting ane foot of 
the Compaſlcs in B, with the other deſcribe the Arch h 4, cut- 
ting the Perpendicular A Cin C, then draw the LineCB : fo 
have you conſtituted the Triangle C A B, Laſtly, take in your 
Compaſles the length of the Line A C, and apply it to your 
Line of equal parts, where you ſhall finde that 1t will contain 
135 : andthat is the length of the Perpendicular CA. 
The Analogie or Proportion is, 
I. Operation. 
As the Logarithm of C B 1isto the Radius, 
So is the Logarithm of A B to the Sine of C. 


2. Opera- 
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2, Operation. 

As the Radius is to the Logarithm of CB, 

Sois the Sine of B{(the Complement of C) tothe Log. of C A. 


Casr VI; 


The Baſe A B 180, the Angle C 53 degr. 7 min. and the Angle 
B 36 degr. 53 min. being given, & finde the Hypotenuſe C B. 


DF a right Line A Bcontaining 180 parts of your Scale, 
for the Baſe of your Triangle, and on the end A erect 
a Perpendicular A C. Then 60 degr. . out of your 
Line of Chords, and upon the Point B, with that diſtance, 
deſcribe the Arch d ez and ( becauſe the Angle 'at B is 
36 cegy- 53 min.) take 36 wy. 53 min. from your Line of 
Chords, and ſet it uponthe Arch from d to e. Then from 
B, through the Point.e, draw a right Line, till it meet with 
the Perpendicular before drawn, which it will do in the Poiat 
C. And thus have you protracted your Triangle CAB. 
Laſtly, take in your Conran the length of the Hypotenuſe 
CB, and meaſure itupon your Scale of equal parts, and you 
ſhall finde it to R_ 225, 

The Analogie or Proportion is, 
As the Sine of C is <= Lanai of AB, | 
So is the Radius to the Logarithm of CB, | 


Cass VII. 


The Baſe AB 180, and the Perpendicular C 4 135 , being gi- 
ven, to finde the Hypotenuſe C A. | 


ID aw a right Line A B containing 180 equal parts, and 
upon the end A ere the Perpendicular A C, and out 
of your Scale of equal parts take the length thereof 135 , 


which fetfrom A to C, and draw the Line C B, whieh con- 
D 3 ſtitutes 
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ſtitutes the Triangle CAB. Laſtly, take the length of the 


Hypotenuſe C B 1a your Compalles, and' meaſuring it u 
ET Lids of equal parts, you ſhall finde it to contain Ts. 
The Amalogie or Proportion is, 

I. Operation. 
As the Logarithm of A B isto the Logarithm of C A, 
Sois the Radius to the Tangent of B. 

* 
As the Sine of B isto ogarithm of CA, 
Sois the Radius to the Logarithm of C B. 


Theſe. are the ſeverall Varieties or Caſes that can at any time 
fall out in the Solution of Right-angled plain Triangles, wherefore 
we will now proceed to the Solation of Oblique plain Triangles. 


II. Of Oblique-angled plain T rianghes. 
HE Triangle which I ſhall make uſe of in the Solution 


of the ſeverall Caſes rtaining to an Oblique-exgled 
plain Triengle ſhall be this i following, CD boa in which - 


DB, the Baſe, 335 
C B, the longer Side, jonll 
DC, ,, the Ge Side, 


-. the obtuſe Angle, — 
| þ coma gr 


B. > Fehe 2 acute Angles, hw 


CasSeE 


Two Sides, as the Baſe DB 335, and the SideCB 271, and 


the Angle D 43 degr. 20 min. oppoſite to C B, to finde the 
Angle at C, oppeſite to the 'Baſe D B. 


Raw a right Line D B repreſenting the Baſe of your 
D Triangle, which, by help of your Scale of equal 
make to contain 335. Then upon the Point D, with the 
diſtance of 60 degr. of your Line of Chords, deſcribe the 
Arch k 1, and from your Chords take 43 degr. 20 min. 
the quantity of the 'Angle at D, and ſet it upon the Arch-+ 
line from / to k, drawing the Line C D. And becauſe 
your other given Side B C contains 271 parts, take 271 
out of your Line of cqual parts, and ſetting one foot in 
B, with the other deſcribe the Arch w#, crofling the for- 
mer Arch & / inthe Point C : then draw the Line CB. So 
ſhall you have conſtituted the Triangle CD B. LG: be- 
cauſe it is the Angle at C that is required, take 60 degr.of your 
rds, and upon C deſcribe the Arch-g þ, and taking the 
diſtance between g and þ, apply it to your Line of c_, 
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and you ſhall finde it to reach from the beginning thereof be- 
yond the end of the Line; wherefore take go degr. the 
whole Line, and (et that diſtance from g too; then take the 
remainder ofthe Arch 9 þ, and meafure that upon your Chord, 
and you ſhall finde it to contain 32 degr.: which added to 
90 degr. make 122 degr. and thats the quantity of the An- 
gleat C, which was required. 

The Analogie or Proportion is, 

As the Logarithm of B C is to the Sine of D, 
So-is the Logarithm of D B to the Sine of C. 


fl Can © 


The Baſe DB 335, and the Side DC 100, with the Angle D, 
43 deer. 20 min. contained between them, to finde either of 
the other Angles at B and C. 


Raw a right Line, as D B, containing 335 of your Scale 

of equal parts, which ſhall bethe Baſe of your Triangle. 

Then with 60 degr. of your Line of Chords, upon the Point 
D deſcribe the Arch k 1; and: beeauſe the given Angle at 
D contains 43 degr. 20 min. take 43 degr. 20 min. from your 
Eine of Chords, and ſet it from /tok, drawing the Line D 4. 
Again, becauſe the given Side D C contains 100, ſet 100 of 
your Line of equal parts from D to C; then drawing a right 
Line from C to B, you ſhall by that means find the oblique- 
angled Triangle CD B. Laſtly, being the other two Angles 
at Band Care to be found, with 60 degr.-of your Chord 
on the Point B deſcribe the Arche f5 alſoupon the: Point C 
deſcribe the Archg oh. Fhen if you take the diſtance be- 
tween e and f'in-your Compaſles, and-mcaſuxe it upon your 
Eine of Chords, you ſhalfinde it to contain 14 degr. 40 min. 
And that is the quantity of the Angle at.B. Then being the 
Angleat C, which is alſo required, 1s obtuſe, and contains. a- 
bove 9o degr. take 9o degr, out of your Line of CC 

an 


qormecd ohis | gnillo!9 ).Dt 


- king the: atheripart af:4he;Atch 0 + 
ſure. <—_ 'your Chord, amd; 
: 326 degr. which/added toigo degr. ma 


| The. Analogie. or 
As the Log, of the Sum of the Gs Ws "Eh, 


ED , wihthe ocher deſcrid "the 
Archer ie oh & JN 
Luv of equal pas PATES,, and {&3ta of, che Goa Co marry 


Reingt Froneny. 


and ſect that. diſtance upon the Arche þ, from gt00- pn 


isthe quantity ofthe erberenqunes A 


is to the difference of thoſe Sid 


' Sois the Tang. of half che _—_ s of he twounknown Angles, 
A 


C and B, to the nee, of. heir difference. 


Y Q +1 & © .iy 29  biokk KS : T ae. % 534Q\ WT _ 
Ds, G AY ATT 6 3 At Cadnad LY! >> 


'The-thrts. Sides, DB. 335k £-B!ATL, wo DC 00's 


<—_ te fide any of, Hip, Angle 65.9 Ben; 1 


1:0Jor'i 3 129 2: 11maid7 br. of FRE: 

Raw a —_ ne C- ” containing Song oy Fong 

-equal parth,,;:Then. Fre] Een 
parts, a 


*—”" _ 46 6 _”" 7 7 yr & { - _ y: 
- -- = - = - < - #. 
» - = 
- - = * _ 
n ——— 
Renal 


D, with the other deſcribe the Archpg, the former 
Arch rs inthe Point B. Then draw the Lines C B and D B, 
and they ſhall form your Triangle CDB. Laſtly, becauſe 
the Angle at B is ſoug b the FOO. £ Line of Chords, 
_ ſet] one wt of the o5inB, with the other 

cſeribs the Arch take the diſtance between e and 
£ £5 for ann) the Line of Chojds, and you ſhall find 
it to-contaia 14. No inn i the of the Angle 
atB. And in the ſame manner might any of the other An- 
gles at:CorD _ _ _ 
- 708 is, 


todulonet nin SE 64eD is tothe Sym of the other 
two Sides, D C CB, 
Sois the di of the- two Sides to mom mg? 


ep bf efoly 
Po Fon. 
Cxst I. 


. D 43 degr. 20 min. and B14 dee. 
" any the Sides, as BC. 


on Caſe; where the three Angles are wen; and none\ of 

the Sides, you areto'take tivtice, that the Sides cammior be 

When tel ng themſelyes, but the Pro Pro porticnalty of them. 
NT 
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WR ec hs DB \of iy length, [and wakloy 
Deena Chioids, = ſto fool tbc 


 DY and. with the bee Ad Ih 


So it'B and with Coca 
Angle atD* ment = 


Ho 


The three Angles, C 122 
4® min. being given, #0 


od;v. ay 


0 mh. Gam your Llne ot © _— ng hang Itok. 
from your ine of Cheds, ſer > e to f, This 
done, draw the Lines B f and D4, extending them till 
they meet one with another , which they will in the 
PointC., . Sq have youcopſtituted the T CDB, the 
Sides whereof will be in gproyarinathFogeys c other as the 
Sides of this Triangle arg; ** 


Cass V. 
The two Sides DC 100, and CB 271, with the Angle at ce 
IE een POR nee ; 


—_—— 


right Line, as C B, containing 271 wp mag paced 
D= ___ and onthe Point C, with 60 
ne of Chords, delcride the Arch gb Then, oof be 


"ca dey _ it being 3 above 
fo deg your Line of f Cres, and 
your 


_ and then take 32 degr. from 

Arch rms rs pon the ſame Arch from oto b, 

ran here Che then take © 100, the length of the other 
given Side, and ſetit from CtoD, þ NOIEIE the Line on 
whic 


2s. Reffilinoal Foigononiwiny 


hich will cont of your Scale of equal parts. And that 
o the engeh of He ke DB, which was oqgred. 
The or Proportion... 

You muſt firſt finde the two 'Ar at D' 1nd B. Then 
make choice on of the tides,. as CD, jo workyour Pro- 
rtion b CN” 

"* the Sineof Bis to the Sine's Conplemenaf c, 


So tthe Log, of CD'to the Log. of 


# 


p "44 


The End of the Dedrins of the Dinenſe of 
right-lined TRnge 
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A LINE OF CHORDS. 
/\ caritiiog a6 


Þ 
/ The hird ExeRciss; 


Ku "Bs - () 


6 8 the oy 
meaſured 

\ © by a Line of Che 

WILLS IC; Triang|@t? 


—— \s 
wa © 


— 


Right-lined Triangles were 
qual parts end their ye 
is 3 /o the Sides of Sphe- 
wddeches of great Cir- 
X thePafd the An- 
$83 \.\- d thay be meaſured by Chords onely. 
2 D Of Sphericall a re be two kinds, 
| a there were of Right-lined 3 nameh,right- 


angleGend oblique-angled : of both which there are 28 Caſes, 
viz. 16 of right-angled, aud 12 of oblique-angled. And ts 
E 3 obſerve. 


the * 
Rt raves 


L Of Right-angled $ pherical Triangles. 
H IE Right-engled rag pm le which I ſhall ApE 


CS Toe ton 


and Angles contain 


TET 2-1 Qs 111] f 
TEATYY w 


TI 


p —erqp > <A 


7 degr. 54 min. dthePependic en ire: 
given, to find ih be typtemſe 4 


| The Analogie Proportion ET x 
As the Radius is to the Co-ſfipeof BC 78d ie Gig BY 
So the Co-ſine od þ 7:6 min-to the AB. 
Fiſt take the Sum and the Differcace of he TEond nd 
third Terms in. the or Proportion e\ 


and Difference of the ents ofthe 'P ar 
BC 11 degr. 30 min. and the Baſe A C 27 degr. 34 min. 


degr. m. | 
The Baſe A C indo 7—54. is ——62-—06 
The ITE BC GH 227 Lg08 its Com = p$2—36 


[11 +Quayahae hoes co. 36 
*: m =o Dilies. «Io 


\o 3 


It - oY 3 
Aving found this Sur and ike < fr a right * Line 
L da C3 own oor oy yourLine 0 noo 
deſtribde- Xx 
the Pe 
the Di erence 
B toe 33: 


39 Gegr- 24 min. = ER: 
ſet them and the Points e and g let 


from C to g, 


Perpendiculars -+- be- 
= RE EEE 


The Baſe 4 
3O mane 


1 


, EIED! MF Mi | \ 
1 NnanegtF 2 ber 11 v3 


: . 
429 65 mte= ©c 
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. 
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: 

= 

= 

{ 

IJ 
& | 
FY | 
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$2. gg 19% _ | > >," 
Mb or M f from' Amo 4, and draw the Line4; /;paralletto 
AS, coning the Semicirelein /::; ſo ſhall D 7: be the quantity 


ypotenuſe A B, which if you meafure'upon your 
Eme ob ihords, yeurwill finde to contain 30 degr. 


3 I nnnns RU CasSE II. 


The Hypotenuſe A B 30 degr.and the Angle at the Baſe 4 23 degr. 
payne bats ar the Perpendicular BC, 

27f.1 10917 © WhID 9509T0MG bs m2 wilt bhoool g ATT 

£51012 10 2: Theodhelegis ten Properiive irs. OA ug FTT 

yep Carer degr.... 

a0 A 23 -degr. 30 min-- to the 


mm 12 .79y9b c£ 
gr2>0. .2 0; I) mon modi 3} 
>.) JO» <7 Fe baagnt ON 

@3 0311 \ brig ' naw? 
h Having 


Be thus far prepared, and i drawn your Semicir- 
3 


Cob Fhammry _ 


Aving drawn your Semicircle BD C, as in the laſt Caſe, 
H take 6 degr. 30 min. the Difference, out of your Line 
of Chords, and ſet them upon the Semicircle from B to; alſo 
take 53 degr. 30 min. from your Line of Chords, and ſet 
them upon your Semicircle from Bto o, and from the Points 
# and 0 let fall two Perpendiculars #» p and o q.' Then 
divide the ſpace between p and q into two equal parts in 5; 
then take the diſtance q -, and ſet itfrom'A to?, and through 
the Point? draw a Line # = parallel toAB: fo ſhall B », be- 
ing meaſured upon your Line of Chords, contain 11 degr. 
30 min. which is the quantity of the Perpendicular B C. 


Case III. 


The Baſe A C 27 degr. 54 min. and the Angle at the Baſe 4 23 d. 
30 win. being given, to find the Angle at the Perpendicular B. 


The Analogie or Proportion is, 
As the Radius is to the Co-ſine of A C 62 degr. 6 min. 
So is the Sine of the Angle at A 23 degr. 30 min. to the Co- 
fine of the Angle at B. 95 ro Wet] 


Take theSum and Difterence of the Co-fine of AC 62 d. 
6 min. and of the men, degr. 30 min. 


| noel 
The Sum is— B85—36 : 
The Difference 15——38-—36 


de BDC, out' of your Line:of Chords-take 835 degr. 

m:and ſet them your SemicirclefromB to:2; allotak 
the Difference 38 -36 min.: from your Chord, 'and fet 
them from'Bto 3, and let fallthe two Perpendiculars, 3 4, and 


2 M.' ' Then-divide- the diſtance > Mand-4 into two 
$95 Bhs. 


equal 


24 Sphericall:T r:gondmtiry. 
equal parts in the Point 5, andtaking the diſtance M 5 in your 
Compalles, ſet it upon the- Lang AD, from A tos.: - Laſtly , 
draw the-Line'6 7, parallel to-B/ A.z 4o (hall D 7 being mea- 
fured upon your Line of Chords contain 6g degr. 22min. the 
quantity of the Angle at B required. 


Theſe. three Caſes are all. C iu Sines alone )) that heve the Ra- 
dins wok the firſt place of the Analogie or Proportion, and ſo con- 
abck fo that car be wrought by this Artifice < wherefore thoſe 

ch follow muſt be reſolved by oiber weavs- 


Case Iv. 


The Perpendiculzr B C11 degy: 30 min. and the Angle at the 
Baſe A 23 degr. 30 mix. to finde the Wypwranyſe AB, 


11 Ther dadlegie' or Proportion UN 
As the Sine of the Angle at A.23 degr. goN min. is to-the Sine 
of the Side B C12 3O min. 
Sois the — to the Sineoft AB. 


Ft how a righe LineBA, and upgn the-Poior A, with 
2. @ degr. of your Line of Chords, deſcribe the Quadrant 

Then vake 23:de min. zhe quantity of the given 
at A, out of your —__ Chords, __—_ ws =y a. 
Quadrant from B to E. - Alſo take 11 39 min; the quan- 
tity of the given Side B C, outof your Line of Chords, and 
ſet them from B to-D 3. and draw. the Lines EF and DG 
bath parallel to: BA. i [2411 

.Fhen with npailes takethe diſtapce beyweens 
F, and ſetting one foot in C;..with-the ther deſeride the, 
M, 'and from A draw the Line A L ſo- thatit may agely touch 
the Arch M.. Then. taking the diſtance A G in. your 
paſſes, ſer ane bor of chem. uponthe Line AC,and ren 


Y 


ao 4s » 
oo» - w—_s -. - 


, 8 
© 
oo endures quysny 4-4 114 IV DEDECIS 1& : 
FH SSuTSa6S6sDK pp 
: 


X WL - 


y and ſoftly along the Line A C, till the other foot 
2 turned about, will onely juſt totich the Line'A L3 and 
when it ſo toucheth;/mark where the other Point elleth 
the Line A C, which you ſhall findeit'to doc at thePoint 6. 
Laſtly, through the Point 6 dravy'thie Litie 6'2, parallel to A B. 
So ſhall the diſtance 2 B 6 , being ' meaſured Ret the Line of 


Chords, contain 30 degr. ws quantity of the Hypotenuſe 
AB, which was the Side required. 442 


Casr V. 


The Perpendicular B C 11 degr. 30 vim. atif ih phe it the Þ e 
e Prperdi —_— rand to finds the Angle at 
Perpendicnlar B. 


, The Arralogie ov proportion &, 
Arthe Co-fine of BC 58 deyr. zo min. 1 to the Col ne of A 
30 min.  - 
wy Radius to the Sine of the Augie at the Perpendicu- 
ar B. 


F 2 Having 


i drawn your Quadrant ABC, take from your Line 
hords 78 degr. '30. min. the Complement of the 


en Side B C, and fer it fromB to a.;- Alſotake from your 
gon ds SO 39 mir, -the Complement of, the given An- 
et 


oleat A, and ſet them from Btob, and through the Points /« 
ol Wnt n Lines 4 c-and b d parallel toBA. Then. ta- 
king in your Compaſles the diſtance A'c, ſet one foot. in C, 
and with the ocher k foot deſcribe the Arch p, and draw the 
Line A © fo that it onely touch, the Arch p. Likewiſe, take 
in your Co — the diſtance A 4d, and with that diſtance , 
ſetting one.) the Line A C, move it gently. along 
char Line till the _—__ foot , being. turned about., P onely 
touch the Line A O. So ſhall nde the point of the Com-" 
fſes to reſt in the Point e, na which Point draw the 
ine ce Foe arallel to BA. Then meaſure the diſtance B o up- 
5 br ine of Chords, and you ſhall finde it to contain 
69 degr. 22 min. the quantity oft the enquired Angle at B. 


CasSE 


Spbericall Tvigonometry. 17 wk 
CaseE VI. 


The Angle at the Baſe A 23 deer. 30 min. and the. Angle. at the 
Perpendicular B 69 degr. 22 min. being given , to finde the 
Baſe A C. 


The. Analogie or Proportion is, 


As the Sine of the Angle at A 23 degr. 30 min. isto the Co- 
line of the Angle at B 20 degr. 38 min. 
So is tlie Radius to the Co-line of. the. Baſe A C.. 


Our Quadrant being drawn, take 23 degr.- 30 min. the 

gy”="y of the Angle at A,, and ſet it from B to E. 

Alſo take 20degr. 38 min. the Complement of the Angle at 

B, out of your Line of Chords, and ſet them upon your Qua- 

drant from BtoR, and through the Points E and R draw the 
LinesE F and R P parallel _ B.. 

Fhen take in your Compaſles the diſtance A F, and ſetting 
one foot in C, with the other deſcribe the Arch M, and draw 
the Line A L fo that it onely touch. the Arch M.. Then in your 
Compaſſes take the diſtance A P,, and ſetting one foot upon 
the. Line A C, move it along till the other, being turned abour, 
do onely touch the Line A L 5 and when it ſo toucheth , note 
upon what part of the Line A C the Compaſs-point reſterth, 
which you will finde it to doe at the Point T ; through that 
Point draw the Line T S parallel toBA. So ſhall the diſtance 
BS, being meafuredupon your Line of Chords, contain 62 d. 
6 min. the Complement of the enquired Side : or, S. C will 
give 27 degr. 54 min. the Side it fc 


| 2” NO : Cas 


Pi" 2$ | Spherical Trigonometry. ' 


CaSe- 1. 


The Baſe AC 27 degr. 54 min. and the Hypotenuſe AB $0 deer. 
being given, to finde the Angle at the Perpendicular B, 


The Analogie or Proportion *, 


Asthe Sine of the Hypotenuſe A B 30 degr. ts to the Radius, 
So is the Sine of the Baſe A C 27 _ 54 min. to the Sine of - 
the Angle at the Perpendicular B. 


Aving drawn your Quadrant, take from your Line of 
Chords 30 degr. the quantity of the Hypotenuſe , and 
ſet them-upon your Quadrant from Bto 2 3 alſo take 27 degr. 
54 min, the-quantity of the Baſe, from your Chords, and ſet 
them fromBtoK, and draw the Lines 2 6 and K H, both 
parallel tothe Line BA. Then taking in your Compaſllesthe 
diſtance A 6, ſet one foot of them in E and with the other de- 
(cribe the Arch Z, and drawthe Line AX, fo that it onely 
touch the Arch Z. Then taking -in your Compaſſes the di- 
ſtance AH, ſetone foot upon the Line A C, moving it along 
till the ether foot, being turned about, will onely touch the 
Line AZ; andwherethe point of the Compaſſes reſteth up- 
on the Line A C, which itwill doeate, through that Point 
draw the Line o e parallel toBA. So fhall B o, being mea- 
{ured upon your Line of Chords, give you 69 degr. 22 min. 
che quantiry of the enquired Angle at B, 


Cass VII, 


The Baſe AC 27 degr.” 54 min. and the Hypotenuſe A B 30 degr. 
being given, to finde the Perpendicular BC, 


The Analogie or Proportion is, 
As the Co-ſine of the Baſe A C 62 degr. 6 min. is tothe Radius, 
So 15 the Co-fine of the Hypotenuſe 60 degr. to the Co-fine of 
the Perpendicular B C, 


ay 


Having 


His drawn- your Quadrant AB C, take out of your 
Line.of Chords 62 degr.. 6 min. the Co-line of the Baſe 


AC,.and ſet them: from BtoS. Alfotake from the Chords 
60 degr. the Co-line of the Hypotenuſe, and ſet them from 
Brow: and .drawthe Lines ST and 2: » both pazallel to 
B A. Then taking the diſtance A.,F in your Compaſlles , 
ſet one foot in. C, and with the other deſcribe the Arch V, 
and draw the Line A W ſo that it may onely touch the Arch 
V. Then taking A » in your Compaſles , move one foot 
thereof gently along the Line 'C A, nll the other, being tur- 
ned about, doth onely touch the Linc A W 3 and where the 
Point reſteth apon the Line CA, which you will finde to 
be at &, there make a mark , and draw the Line'c 4 paral- 
kl toBA. Laſtly, take the diſtance from Bto a; nl 
fure it upon your Eine of Chords,. where you ſhall finde it to» 
contain 78 degr. 30 min. the Complement of the Perpendi-- 
enlar 5 or, C A meaſured upon- the Cherd will give you 11 d.. 
30 min. the Perpendicular it ſelf. 


Tr Theſe Five. left are all the Caſes in @ Right-angled Spheris 
call Triangle that are reſolvable by Sines alone, © Thoſe which. 
follow are to be reſolved by Sines and Tangemts joyntly , and ſo 
will require another manner of Operation then the. former... 


Tons 2 CasE IX. 


The Hypotenuſe A B 30 degr. and the Angle at the Baſe #23 d. 
30 min. being giver, to finde the Angle at the Perpendicular B.. 


Us 1251! x The Analogie or Proportion is, 
Asthe Radius is to the Co-lme'of the 5 I ge 
Sois the Tatgenvof the Apgleat the Balg A $3. 


Ton L. . * 7 - - 
# » a4 3 16d tf ' "YN S7* 4 = IT] p. 4 a \ s e+ # £- 4 . I 
: ) © + 13! Ln, 79, Dt ry #4 , wi A If 


Jo — Spbericall Trigmomeny. | 


Iſt, draw a right Line, as CH, and upon one end theye- 

of (as at C) ere& the a rn; CA, and with the 

diſtanee of 60 degr. of your Line of "Chords, upon theCen- 

tre C deſcribe the Quadrant CAD, Alfo upon the Point A. 
with 60 degr. of your Chord deſcribe the =_ A eG 

, us 


r3 and draw the 
Line AMF,and 
the Line 'O G, 
parallel to AC. 
ba sf 
your paſſes 
the diſtance be- 
V __ CandC, 
and ſetting one 

e foot in D, with 
the other -de- 

ſcribe the Arch 

| K, and draw the 
Line A L ſo that it onely touch the Arch K. Then placing 
one footof the in F, take the leaſt diſtance you 
can tothe Line C L,” which ſet from C'toE. Laſtly, draw 


the Line AE, cutting the Quadrant C B in N. — 


' Spbericell Trigonometry. = a1 
C N meaſured upon your Chords hall give you 20 . 
38 min. the Complement of the Angle at B, which _— 
quired4 or, thediſtanceB N..will. give you 6g degr. 22 min. 


= *. + . 


= 


Cass X\c ary \ 


The Hypotennſe AB 30 degy. «nd che Angle at the Beſe 4 23 g. 
30 min. being given, to finde the Baſs AC to 1053s ] 


The Analogie or Proportion is, 


- Asthe Radius is to the Co-ſine of the Angle at A 66d. 30 m. 


- your: Chord,' and ſet them from C to c, and- 


So is the Tangent of A B the Hypotenuſe-30degr. tothe Tan- 
gent of the Baſe AC, 6” aft | 


Aving prepared your Quadrants , out of your Line of 

''8 Cho ke 66 degr. 3o min. the Complement of the 
Angle at A, and ſet them from A toe, and draw. the Line 
4 b parallel to AC: alſotake 3odegr, the Hypojengle from 
draw the Line 


Aut, nging it to d. / This done, takein your Campaſles 
- the-diſtance-from C to d, and ſettingene foot in D, with the 


other deſcribe the Arch P, and draw the Line C Q fo that 
it- may- oncly! touch the Axch"P>— They ſetting 6ne foot of 
the: Compaties in 6, take theleaſt diſtance betweeryb and the 


- Eine C@ ; which diſtance will reach from"Ctos. Laſtly , 


drawthe Line A e, cutting the Quadrant AC Bin the Point 


- M.-:'Sodhallthe diſtance M, being taken in the Compaſles 


- and nieaſbredoupon the Line o 


$; 


Chords, contain 27 degr. 54 m. 
whictvis thbemantity of the Baſe required. 
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|  Cass AX, 
The Baſe AC 27 degr. 54 min. and the Angle «t the Baſe A 
ts ding Mg Fn to finde the Perpendiculer BC. 
| The Analogie or Proportion is, 


Asthe Radius is to the Sine of the Baſe A C 27 degr. 54 min. 
- Soisthe FT of the 'Angleat A 23 degr. 30min. to the 


Tangent of the Perpendicular B C. 


42 


Our Qua- 
-. drants be- 


ing prepared, 


-B 
out your 
Line of Chords 
take 27 d. 54m. 
A 
'0 
< 


A . 


the quantity 0 

- the given Baſe 
A & and fect 
_— A » 

N the 
Line $R paral- 
 Icleo CD. Al 
ſo take out of 
your. ;, Chords 
23 degr. 30 mi- 
nutes, the quan- 
tity of the gi- 


| "$4: _ ven eatA, 
Foy) RO and wr them 
F: e Y from C tor, and 
draw the Line 
Ar, prolonging 

it to F. 
This done , 
take 


( ———_ 


| Spherical: T 42. 

take in your Compalſles the diſtance AR, = ſetting one foot 
in D;” with the other deſcribe the Arch T., and by the ws 

thereof draw the Line C V onely to touch it. 

foot of your Compailes in F , and with the other take The | 

neareſt diſtance to the Line CV, which diſtance will reach 

from Cto X. Laſtly, draw Ling'A X, which will cut 

the Quadrant A B Cin the Point Z. / So ſhall C 7 & 

ſured upon the Line of Chords, contdin''r't Jegr, 236 al. 

which is the quantity of the Perpendicular BC; "nh Was 


required. 


- CastE XII, 


The Baſe AC 27 degr. 54 min. and the Perpendicu}ar'B C | I1d. 
30 min. being given, to finde the Angle at the Baſe 4. 


The Analogie or Proportion is, 


As the Sine of the Baſe A C y degr. 54 min. is to the Ra- 
dius, 

So is the Tangent of the "OE. "RE BC 11 deg. 30 min. 
to the Tangent of the Angle at the Baſe A, 


Then take out of your Line of Chords 27 degr. 54 m. 
uantity of the given Baſe A C, and ſet them upon the 
ant from B to E, and draw the Line E F parallel to 


D's: the two Quadrants®A B C and C AD, as before. 


CD. Alſo take 11 degr. 30 min. the ity of the'Per- 
icular B C, and ſet them upon the Quadrant from C to 
, and draw the Line AN, cu theLineCH inG. 


This done, take in ae Cuch the diſtance AF, and' 
one foot inD, Tvith the other: deſeribe thei Arch M; 
e by the our-de of ic draw 'the Line CL. Then 

2 take 


ill onely touch the 
Line CLzand when 
it ſo toucheth, mark 
where the other 
foot reſteth upon 
the Line C D,which 
K will do at K. Laſt- 
ly, draw. the Line 

K, cutting the 
Quadrant C B in 
the Point O. So ſhall 
C ©, being meaſu- 
red on the Line of 


— - Chords, contain 23 
| degr. 30 min. the 
Q& quantity of the en- 
quired Angle at A. 
©x8p. "XL, 3. | | R8 


The Buſt AC 27 degr. $4.9viny end the Angle at the Baſe hiA3.d.. 
Lrryes —_—_——_— AE—Cg ABA NG 


The Avalizia or Propertion &s, 
{ As the Co-ſine of the Angle at A 66 d: 30m. ist0.the Radius, 
E So-is the Tangeat 'of the Baſe AC 27 degr- 90-0, to the. 
| ' Fangent of the Hypotenuſe AB.. + 3. $a 
c 


Spherical T rigonometry. as 
HE Quadrants being drawn, take the quantity of the 
| given Baſe A C 27 degr. 54 min. out of the Line of 
Chords, and fet them upon the Quadrant from-Cto V, and 
draw the Line AV, continuing it till it cue the Line -C D-in. 
S. Alfotake 66 degr. 30 min. the Complement of the given 
eat A, ont of the Chords, and' ſet them from B to O, 
anddraw the Line O P parallel to CD or AB. 
This done, take the diſtance A P in your Compaſles, and 
ing one foot in D, with the other deſcribe the Arch R , 
drawing the Line C Q onely to touch it. Then take in your 
Compaſſes the diftance CS, and placing one foos of them: 
upon the Line C D, move it along the ſame, till the other, 
+ being turned about, will onely touch the Line CQ ; and 
where the Compaſs-point reſteth upon the Line CD, (whict 
ou will finde it to doe at T,) there make a mark, and from 
it draw'the Line AT, cutting the Quadrant ABC in the 


Point X. So ſhall CX, being meaſured on the Line of: 
Chords, give you 3odegr. the quantity of the Hypotenuſe 
requred.. 


Cass XIV, 


The Perpetrdicular BC 11 deer. 30 min. and the Angle at the Baſe. 
A 23 degr. 30 min. being given, to finde the Baſe AC. 


The Amalogie or Proportion is, 

As the Tangent of the Angle at A 23 degr. 30 min. is to the. 
Tangent of the P icularBC 11 degr- 30 min. 

So isthe Radras to the Sine of 'the Baſe 'A C. | 


Aving drawn your Quadrants, take out of your Line of 
Chords 23 degr. 30 min. the quantity ofthe Angle at A,. 


and tet them from C to O, and draw the Line A O, continu- 
ing ittall it cut the Line CDin K.. Alſo take out of your —_ 


G 3 


mo _- 


pe: 
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of Chords 11 degr. 30 min. the quantity of the Perpendicu- 


lar given , and .ſet 
them from C to N, 
drawing the Line A 
N,and prolonging it 
toG. 

| This cane » L-= 
in your es 
m_ diſtance be- 
tweenC and K, and 
ſetting one foot in 
D > with the other 
deſcribe the Arch 
M, and draw the 
Line C L. Then 
take in your Com- 
paſſes the diſtance 
C G.and ſetting one 
foot upon the Line 
CD, move it gen- 
tly along the ſame, 
till the other, being 
turned about,do on- 
ly touch the Line 
C L 3 and when it ſo 
toucheth, k 


mg 
the Compaſſes at the ſame diſtance, ſet it fromA toF. Laſt , 
draw the Line F E parallel to A B. So ſhall the diſtance BE, 
being meaſured on your Line of Chords, caatain 27 degr. 
54 min, the quantity of the Baſe A C, which was required. 


CaA8E 


Cage XV. 


The Baſe A C 27 degr. 54 min. and the Hypotenuſe A B 30 deer. 
being given, to finde the Angle at the Baſe A. 


| The Amnalogie or Proportion is, x 

As the Tangent of the Hypotenuſe A B 3o degr. is tothe Tan- 
gent of the Baſe A C 27 degr. 54 min. X 

So1s the Radius to the Co-fine of the Angle at A. 


H E Quadrants being drawn,out of your Line of Chords 
| take 3o degr. the quantity of the Hypotcnule given;, 
and ſet them upon the Quadrant from C to.X. Alſo take 
27 degr. 54 min. the quantity of the given- Baſe , from the 
Line of Chords, and ſet them upon the ſame Quadrant from 
> _— V, and draw the Lines A X and A V, prolonging them to. 
and S, 
"This done, take in your Compaſles the diſtance between C 
and T, and ſetting one foot in D, with the other deſcribe the 
Arch Z, anddraw the Line C Y onely to touch it. Then take 
in-your Compalles the diſtance CS, and placing one foot upon 
the Line CD, move it gemly along,tillthe other, being turned 
about, do onely touch the Line C:Y3-and where the Paint reſt- 
ethupon the Line C D make a mark, which will be at *.. Then 
take thediſtance C *, and ſet it from A to P, and draw the 
Line P O paralleltoCD. Sofhall B O, being meaſured up- 
on the Line of Chords, give you 66 degr. 30 min. the Com- 
plement of the Angle at A,which was required; or, the diſtance 
O -——_ the Chord ſhall give you 23 , 3o min. the Angle 
2 folf 


Case 


Spherical! Trigonometry 
CasE XVI. 
The Angle B at the Perpendicular 69 degr. 22 win. and the An- 


gle at the Baſe A 23 degr. 30 min. being given, to finde the Hy- 
potemnſe AB. 55 


"7 


The Analogie or Proportion is, 


As the Co-tangent of the Angle at B 20degr: 38 min. is to 
the Tangent of the Angle at A 23 degr. 3o min. 
Sois the Radius to the Co-ſine of the Hypotenuſe A B. 


Aving drawn the two Quadrants, as before, take out of 
; your Line of Chercs 23 degr. 30 min. the quantity of 
the Angle at A, and fetthem from Cto O. Alfotake 20 depr. 
28 min. from your Chord, (the Complement of the 'Angle at 
B) and ſet them from C tos, and draw the Lines A O and 
A a, continuing them to c and K upon the Line CD. 

This done, take in your Compaſles the diſtance CK, and 
ſetting one foot in D, with the'other deſcribe the Arch M, 
and draw the Line C L that it onely touch the Arch M. Ak 
ſo take in your Compalles the diſtance C c, and ſetting one 
foot upon the Line CD, move it gently along the ſame till the 
other, being turned about, do onely touch the Line C L ;-and 
where the Compaſs-point reſteth upon the LineC D make a 
mark, asat g. Laſtly, take the diſtance C g, and ſet it from 
C to m, and draw the Line ww # parallelto AB. So ſhall the 
diſtance D #, meaſured on the Line of Chords, contain 604 
the Complement of the! Hypotenuſe required 3 or, A:  thall 
contain 3o degr. the Hypotenufe it ſelf (2 no IQ 


Theſe 16 Caſes are all that can be propoſed in a Ri bt-an- 
gled Sphericall Triangle. There are 12 other Caſes which belong 


to Oblique-angled Sphericall Triangles, which we now come to 
reſolve. 


II, of 


II. Of Oblique-angled Sphericall Triangler. 


w_ dag ball make aſe of on oh Corginn 
| i the 12 Caſes of an Oblique- Sphericall Triang 
be this ABE: whoſe Sides and Angler axe as followeth. 


| degr.. m« 

| AB, the Baſe, : MITT Z0—00 

The Side4 BE ind 18—47 
AE 42—51 


23—3O 7 
122—36 : 
134 63815 


A 
The Angle? B 


| a 


w3\qutivs V LITE MP\4G Jv 


rhe Angle at E 38 degr. 15 min. gre Angle at A 23 degr. 30 w. 
and the Side A - $20 ter. being Biven," bo Fade the Loſe i & 


IP ICP 3 fl 
Y 


UI HAOUG pro vue IN "oy 
As the Sine of By ns; degr. 15 min. is to the Side 


50; 
1 


AB30o 
So ts the Sine of the the Angle : A'23 degr.. 30/min., to the Sine 
of the SideBE.C" 20114 _——I 


'& 


rſt, draw the Quadrant ABC then of your Line nf 
Chords take 28 d& n ity of the A 
at E, and fet dF. Alfa tk 
30 degr. thequs of the fivenStdeA Byout of your Line 
of Chords, and ſet them upon the Quadrant from B to E, 
and draw the Lines F G le H both of them parallel to A B. 


This done, take in your Compalles the diſtance AH, and 


CEE3s a di ry » > . 
Sphericall Ty1pommetry. 'g1 
ſetting one foot of that extent in G, withthe "other deſcribe 
' the Arch L, anddrawthe Line A M fo that it may onely tonch 
the Arch L. Then ſetting one foot of the Compaſſes in I, with 
the other take the neare » tothe Line A M: this di- 
ſtance ſet from AtoK, and * the Line NK parallel to 
A B. © 'So ſhall the diſtance B'N, meaſured upon the Line of 
—_— _ in 18 degr. 47 min. the quantity of the enqui- 
red Side BE. ; 


77 +: hy, we 


Ro 43 200% the Angle at E 38 y win. and the 
S81de'B E 18 degy. 47 m. being givers, to flinde the Angle at A, 


tg dow The Analogie of Proportion #, © " © 
As the Sine of the Baſe A B30 degr. is tothe Sine of the An- 
gle at E 38 degr. 15 min. . _, : ; 
So is the Sine of the Side B E 18 degr. 47 thin, tothe Sine bf 
"* the Angle at” } 43d we 460T? A I GT% t> 4 i 5 , 


You Quadrant being drawn, from your Line of Chords 
| take 30 degr. the quantity of the Side A B, and ſet them 


from BtoE, Alſo take 38 degr. 15 min. the quantity of the 
Angle at E, and ſet them fromBtoF. Likewiſe take 18 degr. 
47 min. the quantity of the given Side BE, from your Line 
of Chords, and ſet them from B to N3 and draw the Lines 
EH, and FG, andNK, all parallel to AB. 

This done, take in your Compaſſes the diftance A H, and 
ſetting one footin G,with the other deſcribe the Arch L,draw- 
ing the Line A Monely to touch the Arch. Then take the di- 
ſtance A K in your Compaſſes, and ſetting one foot of them 
upon the Line A C, move it along that Line gently; till the 
other Point, being turned about, will onely touch the Line 
AM 3 and where * Compaſs-point reiteth upon the Line A 


C, which it will doe at the Point I, TGT Enn 
2 the 


# 


þ $2 7 
the LineLD parallelto BA, $0 ſhall B D, being meafured 
on your Line-of Chords, contain 23 degr. 30 min. the quau- 
try of the : epquiges Angle atA.. 


wah op, lh | 
the Side FS 4 and the Side B E 18 degr. 57 min. and 


the Angle at A 23 degr. 30 min. being giver, to finde the Baſe 
4 E. 


The Analogie or Proportion is, | 
As the Co-fine of A B 60 degr. is to the Co-fine of BE 71 d. 
13 min. 
So is the Co-fine of A C 62 degr. 6 min. the lace where a 
_ * Perpendicular m—_ DCE hob” to the Co-line of C E 
75 degr. 3 min, ,Whi ROT: will give 
the quantity of the Side AE. by 


Aving drawn your Quadrant, take 60 degr, the Com- 
H plement of AB, out of your Line of ER and ſet 


them fat Bto P. Alſstake 71 degr, 13 m. the FRE | 
of 


Spherical Trigonometry. $2 
of BE, and ſet them from BroS. Inlike manner take 62 d, 
6 m. and (ct them from Bto Q 3- anddray the Lines PÞ O,ST, 
andQ R, all of them parallel to B A. 

This done, take in'your Compatlesthe diſtance A O, and 
fetting one foot in T, with the other deſcribe the Arch Ys and 
draw the Line A Z onely-to- touch the Arch Y. Then take 
the diſtance A R, and ſetting one foot upon the Line A C, 
move it gently along the ſame, till the other foot, being tur- 
ned about, do onely touch the Line AZ; and where the Com- 
paſs-point reſteth, which it will doe at: V, through that Point 
draw a Line'V'X. parallelto BA. So ſhall thediſtance C Xx, 
meaſured upon your: Line of Chords, contain 14 degr. 57 min. 
which added tothe former-Segment of the Side A C 27 degr.. 
54 min. the Sum will be 42 degr. 51 min. the quantity of the. 
whole Side A E, which was requized: 


Cass IV. 


The Angle at 4 23 degr. 30 min. the Angle at B122 degr. 36 m:. 
#nd the Side 4 B 30 degr. given, to finde the Angle at Ec 


By the foregoing Caſes in RefQtangled Sphericall Triangles 
(if you let fall a Perpendicular from the Angle R upon the 
Side AE, as B C,) you may findethe Angle A B C 69 degr. 
22 min. and the Abgle CBE' 53 degri\-44 min. which being 


obraitcied, enA v 
The. Analogie- or en y 
As the Since of the Angle A B C'6g degr. 22 min. is to the Sine 


of the Angle CBE 53 degr. 14 mig. | 
So is the Co-line of A 66 degr. 3o min. to the Covline of the 


Angle at E: | 
"THE Angles being found andthe Quadrant.drawn, take 
BtoE. 


53 degr. 14min. ourof your Chard, and ſerthem from 
Likewiſe take 69 degr. 22:miv. and ſet them from B 


H 3 to 


| 54 


Spherical T rigonometry, 
toG. Allotake 66 deg. 30 min. and ſet themfrom B toF; 
n_ draw the Lines GH, FI, andE K, all parallel to 
BA, 

This done, take in your Compaſſes the diſtance- between 
Aand K, and ſetting one foot in H, with the other deſcribe 
the Arch M, and draw the Line A N onely to touch the Arch, 
a_ ſetting one foot of the Compaſſes inT, withthe other 
take the leaſt diſtance to the Line A N, which diſtance ſet 
from AtoL. Laſtly, draw the Line L D parallel to BA, 
cutting the Quadrant in D. Sa fſhall the Arch B D,; meaſu- 
red upon your Chords, contain 51 degr. 45 min. the Com- 
plement of the enquired Angle atE 3 or, D C ſhall give you 
38 degr. 15 min. the Angle it (elf. 


Cass V. 


The Angle at A 23 degr. 30'min. the Angle at E 38 degr. 15 wv 
and the Side 4 B 30 degr. to finde the Angle A BE. 


By the pre Caſes of Right-angled Sphericall Tri- 

es, the Perpendicular B C being let fall, finde the e 

ABC, which will be found to be 69 degr. 22 min, Thi 
Angle being obtained, 


The Awalegie or Proportion is, | 
As the Co-fine of the Angle at A 66 degr.30 min. is to the Co» 
fine of the Angle at E 51 degr. 45 min. 
So is the Sine of ABC 69 degr. 22 min. to the Sine of the 
Angle CBE. in | / | 


HE Ange AB Cbeing found,and the Quadrant drawn, 
take 66 degr. 30 min. out of your Line of Chords, and 

ſetthem from Bto F. ' Alfo take 51 degr. 45 min. from 

Chord, and ſet them from Bro D; Li e take 69 1 


22 min, (the quantity of 'the Angle found ABC) 1 
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Chord,-and ſet them from B to G, and draw the Lines FI, 
DL, andGH, all parallel to A B. 

This done, take in your Compaſſes the diſtance A L, and 
ſetting one foot of that extent in, with the other deſcribe 
the Arch M, and draw the Line A N onely to touch the Arch.. 
Again, ſet one foot 'of the Compaſles in H, and with the 

er takethe leaſt diſtance to the Line A N, which had; it 
will reach from AtoK ; through which Point K draw the 
LineKE parallel to B A, cutting the Quadrant in E.. So ſhall 
che diſtance BE, being meaſured on your Line of Chords. 
contain 53 degr. 14 min. the quantity of the remaining part 
of the Angle AB E'3 which being added to the Angle A B C. 
( before found ) 69 degr. 22 min, the Sum of them will be 
122 degr. 36 min. the quantity of the Angle ABE, which: 
was required. 


** Theſe Five lift Caſes are all that in Oblique-enghed Spherical 
Triangles are reſolvable by Sines onely, except the Three laſt,which 
we reſolve by another kind of Artific The 6.7.8. and 9. fol- 

heve 'Tangents ingredient in the Proportion, and ſo do- 


require a different way of reſolwing, which is as followeth. © 
Cases VI, | 


The Side AB 30 deer. the Baſe A E 42 deyr. 51 min. and the 
' Angle at A 23 degr. 30 min. being giveth , to find the Angle 
"a E. PF 


,. The Petpendicular B C being let fall from the Angle at B, 
mit find the Segment of the Baſe C E 14 degr. 57 min. 
thepreceditg Cafes of Right-angled Sphericall Triangles : 
ich had, 


The Analogie or Proportion is, 


As the. Sine of the Side C E found 14 degr. 57 min. is to the 
Sineof A © 27 degr. 54 min. | ; 


Vo 


— 


Spherical T rigonometry. 


So is the Tangent of the _-, 2 at A 23 degr. 30 min. to the 


T angent of the Angle at 


Our Quadrants ABC and C A D being drawn, take 

14 degr. 57 min. the quantity of CE found, out of 
'your Line of Chords,and ſet them from B to E.Alſo take 27 d. 
54 min. the Segment of the Baſe AE, and ſet them from B 


* S»u==Sa%s ©©S0 © © « 4 
» 
- 


Mo <p 
dB: oc... 26 wa x 3 +6085 #27 
\ 


vD p 


to H5z and draw the 
Lines EF and GH 
bdth parallel to A B. 


' Allo, takeout of your 
' Line of Chords 23d. 


o min. the quantity 
of the Angle at A, and 
ſet them from C toN; 
and draw the Line A 
N, continuing it to I. 

This done, take the 
diſtance A G, and ſet 
it from Cto O. Alſo 
take the diſtance A F, 
and ſetting one foot in 
O, with the other de- 
ſcribe the Arch L ; and 
draw the Line C M 
only that it may touch 
the Arch L. Then take 
in your Compaſſes the 
di e CI, ſet one 
foot upon the Line C 
D, mov1 


= 
ſame till the other , being turned about , do onely the 
Line C M; and where the other Point of the Compaſles reſt- 
eth upon the Line CD, which yeu will find itto docat K, 


draw the Line A K, cutting the Quadrant in P. So ſhall C P, 


meaſured upon your Line of Chords, contain 39 degr. 
15 mip. the quantity of ST hich v was s required tO 
be found. | E a O80 A LI 6) 


| 5 op 


The Angle at A 23 degr. 30 ming; thedvgh ati B\k2wxdegr«- 36 
| endthe Side 4 B 30 degr. being given, to: OTTER BY! / ' 


Having let fall the Perpendicular B C, and found the Nags 
5 IE HE Ca es, wang -aae! kv 
2 od 10 10390! r 2711 
The Analogie or Gropertion ih. R 
As the Co-fine of C BE 38 degr: 46 mit. is t0 theCo-ine of 
ABC 20 degr. AAB3: 
Sois the CAIING A B 30 degr. tothe Tangent of BE. 


p 


H E Quadratis drawn , out of your Line of Chords 
1 take 38-degr. 46 min. the Complement of the Angle 
CBE.,and A themſtom BtoS. Alſo take from your Chords 
20 degr. 38-riin, the Complement gf the Angle' "AB C, and 
ſet them from Bto'Q., and draw the Lines PQ and RS 
both parallePta CD. ; Again, take in your Compaſles the di- 
ſtance AR, andſetitftom C to T. Likewiſe take the diſtance 
from A to P, -andſetting one foot of that diſtancein T, with 
the other .deſcribeithe Arch Y, and by it draw the Line CM 
onely to touch the/Azeh Y. Then take 3odegr. from your 
_ and ſee themfrom Cto X, drawing the Line A X, and 
iog it toZ.j. baſtly, from the Point T take the neareſt 
tiſtance tothe Line C M, which diſtance ſet from C to V, and 
draw the Line A V.;. cutting the Quadrant in A. So ſhall CA 
contain.}8'degr. 47min. of your Line of Chords, which' is 
the quantity the FREY Side BE. 


F | CASE 


kt ff 


9 Sons 


Cas VII. 


gled Sphericall Triangles, 


AB 30 
$o.isthe 


CBE. 


' ' 47 min. the Side: B 
and: ſet them from C 
to M. ' Alfo take 30d.. 


The 3ide 4230 deer. the Side B E 18 degr. 47 min. antes 
_ GEIGED 30 min. being given, to finde the Angle 


Having let fall the Perpendioular B C, and found the 
A BC 69 degr. 22 min. -by the foregoing Caſcs oe 


K. \ The Analogie exPropertion i, 3 21 
—_— BE 18 degr. 47 min. » wk of 


of ABC 20degr. 38 mia. tothe Co-fine of 


AVING drawn 

--» YOUr $ 
gue of your 
Chords take 18 


ity of theSide 


Vn nNOS 
 'tw-/N5 and draw the 


oontinaing ther to G. 
and H. Likewiſe take- 
20dcgr. 38 min. out'o| 
your Line of C | 
and ſee them from 

toF, and draw F E 


parallel to A B, 
This 


- % 
» p , 
4 - . T 


aflesrhediſtance AE, and ſettingone foot of 
uponthe Line C D, moys it along the fame 


a kept the Dares 
d] thewther, being turned about; do anely touchthe 


ont foot in 
z abddrawtheLine C L, onely to touch it. Then _ 
ry 
'L; and wherethe Compals-point reſteth, which: 
it ads ittodoe at ©, make a mark, and take the diſtagce 


_ yourCom , and (ett fromA toP, and draw the 
Line P Q para 60 to'A B. So ſhell-B- Q,, meaſured upon 
Chords, contain 36 46' min. the Comple- 


mew ofix Ang > arbor __—_ CQ, c 
pon the Chords) will give 53 14 min. eCBE 
ſelf which added to 69 degr. 22 mine Angle ABC. 
the Suth willbe repre 36 min. CITY the whole 
[rk rn Up - of 
it , a Cann IX. 


* L 41 


rates H-A ole PIEY 15 av, 
, to find the Side E A. 
Jh _ (048 


'ThePe nMicdl6# be 01,499 AC 5fgpt, if 
a part of the eSideAE; & _ Tony FA - 
The Analogit or Prapertion is, 

_ Nr aj Je at E38 k 25 wits ito the 


Jn At nr ea EC: 


F FJ Gor op. 15m 15h quay ago, 


take 23 TY gr 
ty of the Angle at A; Che 
Lines Ab x A «, accobintingr & * 0-6 Fearxh Ap 
$ 


YornConaes he CT , and 
timin with the' other deſcribe 'the 


- Arch X,; and draw the 
—]B,/ Line- CY -to 
11.4 -fonch ; the Arch X. 


Then take: 'in your 
Compaſſes the diſtance 
AR. a and ſet it from C 
to. K, and; from the 
+ Point & take the leaſt 

-diſtance' 10. the Line: 
C Y,* which ' diſtance 


LU gg 34%; nb} -  rifet from A' tba; and 
Ne c- Ao, ob _ the, Line-  n 
Soil: WH: BG. 5 ot 40' A B. / $6: 

>. ; I: being meaſured 


n your Line of 
C rds , ſhall contain 


4 degr. 57 min.a 
ae ru: - - Boa of the; Si ADs 
$1 _ v2, * — >> \ + _ -: ds being 


the other portion AC 
54 Min the Sun of them is ARES 51 win. the 


— ide A E, which was requiged. ; 7 /. »';;2 263 to 16 
—_— Xe 

the es 30, oder ks Ed, Ant toarithe wills ng 

B24 2 ge a: Windahe'B oe, 


0 Loy rhofun andzbeÞÞifiexente ofthe two Sides A yd 8] 

18 degk 47:Mps - dz .n:im 21 .T9-b 3s 2107. 
—_ þ 296 vip Gm £L 94:1 < Fe. W.3 mot (a9fl1 191 boy 
202 gated F4F 1s 9I9nk 2071 io yi? 
V bt rRnaRAgrmbdo>bL3 . a Abne\ LA ant 


C i LY 


=—— 


Sybivieal! Trigonome "ty _ 6x. 


_—_ draw a right Line AO C, and uponthe Centre O de- 
ſcribe the Semicircle ABC, drawing the Semidiameter 
or Perpendicular B BO. 


ng thus. —_ take o out of your Line of Chords 48 d. 
ores, the'Sum of the 'twoSides given, and ſet them*upon 
the Semicircle from AtoE. Alſo take 11 degy. 30 min. the 
aca aqyrors of the try given er. and ſet "of, ge AtoD. 

gain, take 122 6 mm. the quaiitity of the given An- 
gle, ad et thewfrom Aro K3 Fbur AB go degr. ſer 
the refidue , Jer 32 degr. 26 min. from B to K, | and 
draw he Lines P'H, and K L, hems them perpendicu- 
lir tothe EineA Go +» 

bbs + 7 Ow yo ihe diſtance berween'F 
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t may onely touch the Arch M. Then ſetting one foot of the 
Compaſles in L, with the other take the neareſt Manes GU, 
can from Ltothe Linc AN, and ſet that diſtance from to, 
G: Laſtly, upon the Point G erett the Perpendicular GF « 
cutting the Semicirclein F. So ſhall the diſtance AF, being 
meaſured upon your Line of Chords, contain 42 degr. 51 mw. 
the - tad of the Baſe of the Triangle A E, which was re- 
quired. 


To work this by the Canon. 


The Analogie or Proportion is, 
I. Asthe Radius is to the Co-fine of the Angle given, 
Sois the Tangent of one of the given Sides to the Tangent of 
a fourth Arch. 

2. Asthe Co-ſine of this fourth Arch is to the Co-fine of the 
former given Side, | tals 
So is the Co-fine of the other given Side, the fourth Arch be- 

ing ſubtrafted therefrom, to the Co-fine of the Side ſought. 


Cage - XkI. 


The three Sides A B 30 degr. BE 18 degr. 47 min.and A E 42 d. 
51 vin. being given, to finde the Angle at E. 


ql, find the Sum andthe Difference of the $ides.B E.and, 
: . - a. | + , 


=P We Their Sum, I——61-—38 Lot is of ing A 
+! 1:;5\, Thar Ditkerence Bamrr2drmrWbis 14 nw .ofv 
, (s Y gotrey -1® ow {1 e YET 4 


"HE Sum and Differcgce of therwo Sides bei 

—_ _ of Chords take 24 degr., 4/1 

Nificzence' of them, and; ſetthem from wok, Alf 

your Line of Chardstake 61:degr;) 38min abs; YR « 

two Sides, and-ſet themfrom'Aao Xi Againy take. 
I 


4 
' 


" " —- 
' Hi v 
7 - 
- - 


4% 
- 
. 
- 


- 
. 


ns 


-, <> ph — | * " 
* * © » fi » ”_ RH q »% d PX, « FT. 
= .. 
y vY 4 . y : 
. » \ 
6 . 
=—zE 
- . 


. the quantity of the third, Side A B, and ſet them from A to . 
Qzanddraw the LineP $;/QT;/44/X Y, all three per- 
pendicular to A C. a pther | 


_B 
| 
| 
| 


+ This done, take the diſtance between Y and S, and fetting: 
ene foot of the Compaſles in C, with the other deſcribe the: 
Arch Z, and draw the Line A /& fo that it may onely. touch 
the MchZ. Thentake in your Compaſles the diſtance be- 
tween SandT, and ſetting one foot thereof upon the Line 
A C, move it gently along the ſame, till the other foot, being 
Grout do onely touch the Ligne A Z3 and where the 

paſs-point reſteth, which you will find it te doe at the 
Point Y, upon this Point Y ereQthe Perpendicular Y R. So: 
ſhall the diſtence A R, being meaſured upon your Line of. 
Chords, give 38 degr. 15 min. the quantity of the Angle at E,, 
which was required to be found.. 


For 


 Sphericall Trigonometry. 
To work 'this, by the Canov. | "S" 


The Analogie or Proportio# is, 
As the Reftangle contained under the Sines of the Sides is to 
the Square of the Radius, | 
So is the ReQtangle contained under the Sines of the half Sum 
. Of the three Sides, and the Difference between this half Sum 
b and the Baſe, tothe Square of the Co-ſine of halt the An- 
| gle required. 


» Ia 


Cass XII, 


The three Angles 423 degr. 30 min. B 122 degr. 36 min. and 
the Angle E 38 degr. 15 min. being given, to finde any of the 


F for either of the Angles next the Side required we take 
I its Complement to 180 degr. thoſe Angles will be turned 
mto Sides, and the Sides into Angles : And then will the man- 
ner of reſolving the Triangle be the ſame as in the laſt Caſe. 


3 


Poſiſcript. 


Pofiſcript. 


Y the Precepts before inthis T reatiſe delivered you have the 
whole Doftrine beth of plain Right-lined Triangles , axd 

alſo of Sphericall both Right «nd Oblique-angled, wrought by 
4 way not uſually prattiſed, which if it be carefully performod, 
you may by a Line of Chords of 3 or 4 inches Radius come 
within a few minutes of Calculation 3 which will. be of ſuffici- 
ent uſe for any Pradice either in Aſtronomicall, Geographicall 
or Nauticall Queſtions, wrought thereby. And if in the wore 
king of any of the Caſes there be any difficulty , it is in the 
moving of the Compaſles along one Line, while the other foot, - 
being turned about,doth only touch anotherLine. But this is not 
a real, but a ſeeming, difficulty 3 for in 3 or 4 times trial you will 
finde it very expeditions and eaſie : and although it be not ſo 
Geometricall as the way by drawing of Parallels, yet it is alto- 
\ gether as exa#; more ready and ſpeedy in performance , and 
* evoids the drawing of multiplicity of Lines, which would much 
cumber the Diagrams to no purpoſe. If the Schemes that are 
here drawn ſeem to be cumbred with multiplicity of Lines, the 
reaſon is, becauſe many of them ſerve for 3, 4, or 5 Caſes; 
but if a particular Diagram had beer drawn for every Caſe , 
then none of them would have confiſted of above 5 Lines beſides 
the Quadrant, as you will ſee by trying of any Caſe. And here 
rote, that every one of theſe Caſes, both in Right-lincd axd 
Sphericall Triangles, i applicable 1s ſome one thing or other in 
the PraGice of the Mathematicks. Ar, by plain Right-lined Tri- 
angles all Propoſitions are reſolved that concern the taking of 
Heights, Depths and Diſtances, Meaſuring of Land, Sailing by 
the plain Sea-Chart, and alſo by Mercator's , and divers other 
particulars. The Solution of Sphericall Triangles reſolves @ue- 
ſtions in Aſtronomy, Geography, Dialling, Sailing by the Arch 
of a great Circle, with many other particulars too tediows here 
to 


(66) 
zo be recited; of ſome of which ( eſpecially thoſe that concern the 
taking of Diſtances in A y, Geography, Navigation, 
Oc.) 17 ſhall in the following Treatiſes exemplifie their Uſe. 

And becauſe the DoQrine of Sphericall Triangles is wore 
difficult then that of Plain Triangles, I will inthis next Treatiſe 
following ſhew you how ( by your Line of Chords onely you 
may draw or project the Globe or Sphere wpor a Plainz by 
which means you may ſee before -= how the Sphericall Triangles 
lie iz the Sphere t ſelf 5 which will be a great help to the un- 
derſianding of the nature of 4Sphericall Triangle. The Sphere 
being thus projefed upon a Plain, I will ſhew how ( upon 
that Plain ) to-meaſirre both the Sides and Angles of 4 Spheri- 
call Triangle, ard, in ſo doing, reſolve ſome Queſtions in Aſtro» 
nomy 3 by which you may diſcern, in that particular, how ſub- 
ſervient T rigonometry is to Aſtronomy, exd, 4s the Proverb is, 
judge of Herenles by his Foot : for to inſtance inthe Variety 
things that the DoGrine of Tri $ & aſſiſtent to, were an ena- 
leſs Work: 


SPHERE 


LIpon the Plain of the 
zz 116-44 
B Y 


A LINE OF CHORDS. 


Whereby the Sides and Angles of Sphericall Triangles 
are naturally laid down in Plano, as they are inthe 
Sphere it ſelf ; By whichthe nature of them is dif. 
covered, and their Sides and Angles meaſured with 
ſpeed and exatineſs. | 


The Fourth Extacisse. 


— 


Eing to treat of the Projection of the Sphere in 
Plano, 7 ſuppoſe the Reader to be acquainted with 
the Do&rine of the Sphere or Globe, and with 
the Circles thereof 3 the nature of them , how 
they are there (ituate one from another in reſpe& 
of diſtance,and to what ule each of them is appro- 

priate. But if there be any that hath a deſire to make aſe of this 
i 


reatiſe, 


68 Of ProjeBion.. 
Treatiſe, and is ignorant of the Sphericks, let them reade the 
Books of ſuch as have written of the Sphere or Globe. # Latin 
there are divers, #s Theodocius, Orontius, Clarius , &c. 1 
Engliſh ghere i Record's Caſtle of Kmowledge, Hill's School of 
Skill , Blundevil's Exerciſes , Hews of the Globes, Newton , 
Moxon, &c. But that this Treatiſe nity not be acconnted' de- 
fictent in that which is ſo abſolutely ary for the underſtan- 
ding «nd prattice of what is herein comained; TI will in this 
place give you a. brief and plain Deſcription ef the Names, Pro- 
perties, Diſtances, &*c. of ſuch Circles of the Sphere as in 
this Book we fhall have occaſion to projet for the delineating of 
Sphericall Triangles in Plano, ard that in 4 —_— Po- 
ſition to their ſituation on the Globe or Sphere it ſel 

The Circles therefore chiefly made uſe of in this Projeftion 
are theſe : 


I.. The Meridian f- 7. Azimuths, or Verticall 
2.. The Horizon | Circles 

. The Aquinodial 8. The two I ropicks 
4+. The Echiptick *$ 9. Parallds or. Circles of 


Circle of Eaſt and Weſt|'] 10. Circles or Parallels of 


Of theſe Circles «l/ but the three laſt are great Circles Y the 
Sphere, which divide it into two equal partes and the two Tro- 
picks, the Circles of Altitude and Declination , are ſmaller 
Circles, and divide the Sphere into. two parts unequally.. ]. 

Beſides theſe great and (mall Circles, there are ſeverall Points 
'of mote upon the Globe : «5 ( 1. ) The Zenith, which is the Point 
in the Heavens-diredly over our beads, in what part. of the. Earth 
ſoever we be; (2. ) The Nadir, which is the Point direfly nn- 
der our feet 5' (3. ) The Poles of the World, about which the 
Heavens are moved 3 ( 4.) The Poles of the Echiptick3 (5.) The 
Poles of all other Circles. 


5. The Prime Verticall, f Declination 


6. The Hour-Circles 
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5 E Acridiaz's a great Circle of the Sphere, which paſ- 
. - ſeth through'both the Poler of the World, and alſo 
through the Zenith and Nadir Poirys, and crofleth the Horizon 
m the North and Soxth Points thereof. Unto this Circle (any 
Day inthe year) when the Sun cometh it is Noon or Mid-day 5+ 
_ when the Moon, Stars or Planets, in the Night come to 
touch this Cixcle, they are thenſatd to be upen the Ateridiar,, 
or at the higheſt they wilt be that Night. This Circle in the 
Scheme of this Projection is noted by the Letters Z HNO.. 


II. Of the. HORIZON. 


HE Horizor allo is a great Circle of the -8phere, and iv 
- [ is that Circle which divideth the viſible part- of the 
Heavens which we ſee from the not viſible, that is, it divideth 
the ' Sphere /into two: \Hemiſpheres, the lower and the higher. 
To this Circle wheneither the San; Moon, Stars or Planets, 
come on the Eaſt part, they are then ſaid to riſe 3 and when: 

have paſſed from the Eafterly Point, by the Acridiar, and 
defcended tothe Weſtern part ofthis Circle, they are then ſaid 
to fer This Circle ts repreſented” in the Projection by the 
right Line HA O.  --- 


II. of the AQUINOCTIAL. 


FH E Zqni-o&ial is a great Circle, and in the Sphere it 

+ ;Y + tclevated above the Horizox (upon the Aferidian Cir- 
cle ) ſo much as is the Complement of. the Latitude of the 
Place.. As at London, where the Latitude is 5 1.degr. 30 min. 
K 3 there- 


Ls 


9s A Of ProjeFion. 


there the Zquino@ial is elevated 38 degr. 30 min. (which is 
ſo much as 51 degr, 39 min, wantsof 99 degr. ) andit cutterh 
the Horizowin the Points of Zeft and #eff. . Unto. this Circle 
when the Sun cometh '( which is twice every year, namely, 
about the 10. of Aarch and the 12. of Septearber,,) it c: 

. the Daies and Nightsto be of equal length all the World over. 
This Circle is noted in the Scheme with A A £, and cuts. the 
Horizon inthe Point A, which repreſents both the Eeft and 
Weſt Points thereof. | 


IV. Of the ECLIPTICK.. 


HIS alſo is a great Circle of the Sphere, and ( in the 
Northern. Hemiſphere , where the North Pole is viſible 
above the Horizon, and the South Pole not vilible ) is elevated 
above the ZquinoZ#ial Circle ſo much as is the Sun's greateſt 
Declination, which is 23 degr. and about 3o min. and is as 
much depreſſed below the ZquizeTial in the Sexthers Hemi- 
ſphere. "This Circle is called by ſome The.Wey of the 8uz, for 
that the Sun in his motion-never {werveth or goeth out there- 
of, and ſo his Lewgitade or Place is counted in this Lige. It 
cutteth the Horizoz inthe Eeft and #eft Point A, as the Zqui- 
#oFiel did. It isrcpreſented inthe Scheme by the Line & 40, 
and hath charaQtered-upon it the 12Signs ofthe Zodiack 3 the 
ſox Northers Signs, \ & 1 $ & and ny being on that half which 
is above the Horizon, and the ſix Southern Signs > m 7 vw ax 
and x, onthe other half, which is below the Horizon. 


V. Of te PRIME VERTICALL. 


| HE Prize Perticall, or Circle of Eaft and Feſt, (general- 
| ly called the XquinoGial Colnre, - then AE Sphere 


is here projected ) the Meridian repreſenteth the Solfi 
| Colare )) 


 & 


of P 77 
Colure ) isa great Circle paſſing through the Zexith and Na- 
dir Points,” and. alſa through the Exfs and. ##eft-Poings of the 
Horizon. Unto this Circle when the Sun, Stars or 
Planets, do (in their Motions) arvive, torn then due Eft 
or Peſt. Itisin the Projettion fignified by the right Line 
Z AN, paſſing throngh 7, the Zewivh, N, thie Newby. and A, 
the Eaſt and Weſt Point of the Horizon : and alfo cutteth the 
£quinoTial inthe Points v and =. 


VI. of the HOURCIRCLES. 


C By E' Howr-Cixcler are great Circles of the Sphere, mee— 
ting together inthe Poles of the World, and crofling 
the ZquinoG@3a/ at right Angles, div! It at every 15 de- 
$ee05 0 hen oy a. ode is one Hour of 

but if they paſs other parts of the Aqui- 
wofied, dividing it " wodlrey then do thoſe Howr-Circles re— 
preſent gncqual Spaces of time, according to the diſtance they 
are from-the Meridian, mom from another. Of theſe Cir- 
cles in the Scheme of the P rojamnes there are four, thus no- 
ted PBS, PAS, P CS, and 


VIL Of the AZIMOTH CIRCLES. 


F E Azimnth or Verticell Circles are great Circlesof the 
Sphere, mecting together i inthe Zewithand Nadir Foints, 
as the Howr-Circles do- in the Poles of the World, and drvide- 
the Horizon at right Angles, amr, 5" zor unequally, asthe 
Howr-Circles did the FquinoGial. he. Scheme of the Pro-- 


ion there are four of theſe Yerticall Circles , thus noted.,, 
ON, ZFN, Z AN, andZGN.. 


VIIL. Of 


'VIIL of te 7 ROPICKS. 


HE Tropicks are leſſer Circles of the Sphere, dividing 

It unequally, and are drawn parallel to the Aquino- 
Hiel, at 23 degr. 30 min... diſtance therefrom , equal to the 
Sun's greateſt Declination on either fide. That Tropick which 
1s on the Nerth-ſide is called The Tropick of Cancer, to which 
when the Sun cometh ( which is but once in a year, about the 
IO, of Juxe.) it maketh the /ongeſt Daies toall the Northern In- 
habitants of the World, and the ſoorteſt Nights, The other 
Tropick,, which is on the Soxth-ſide of the ZquinoTial, is. cal- 
ted The Tropick of Capricorn, to which when the Sun cometh, 
which is about the 11, of December, it maketh the ſhorteſt Daies 
and the Jongeſt Nighteto all Northern Inbabitants, and the con- 
trary toall\the Soxthern Inhabitants of .the World. In the 
ProjeQion the Tropick, of Cancer is fignfied by s I S, and the 
Tropickh, of Capricorn by vw K wv». 


IX” Of the CIRCLES or PARALLELS 
of DECLINATION. 


4 = 
C iy ESE alſoare ſmallesCirdes of the Sphere, and-are 
drawn parallel to the ZquinoTial, towards both the 
Tropicks, we" upto them. Thoſe that are on. the Notth-ſide of 
the £quinoTial are called Parallels of North Declination, and 


thoſe that are onthe Soxth-ſide of the Z#quinoZJial are called 
Parallels of South Declimation. Of theſe Parallels there are in 
the Scheme of the Projettion two, one towards the Tropick of 
Cancer, the other towards the Tropick, of Capricorn, and either 
of them 20 degrees diltant from the Zquino#ial. The Nor- 
thern Parallel of Declination is noted with x ©4., and the 
Southern with :» E 7. 


X. of 
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' X. Of the CIRCLES or PARALLELS 
of ALTITUDE. 


HE Circles of Altitxde are likewiſe ſmall Circles of the 
Sphere, and are drawn parallel to the Horizon, as the 
Circles of Declination were to the Aquino@ial. Theſe Paral- 
lels are drawn from the Horizon towards the Zewith Point, and 
upon occafion,in many Caſes,quite up unto it.By theſePara/el- 
are meafured-the Altitude or Height of the Sun, Moon and 
Stars. In the Scheme there is onely one of them, and that is 
expreſled by the Letters ME L. 


Thus have 1 given you 4 brief «nd. plain Deſcription of the 

— hich we ſhall have occaſion to uſe in 
this following n Treatle. RR note, that every Circle of the 
Sphere ( both _ and ſmall ) hath his proper Poles, which 


Poles (of all the great Curcles) are 90 Degrees, or « Quadrant 
| So a Curcle, diſtant ant from the Circle it of The Poles of the 

ircles ix this Projection are &s followeth. 

- _ 2 O, ee; Equinod 

A | Ae,t ainoCctial. 

' O and H on —_ AN, the Prime Verticall. 

Qand R\ * 25 © the . 

X and < P AS, the Axis of the World. 


The Poles of thee foe Circle are he fn of tem p 
0 no Precept jor them ; 
k, Pole of the Metin: is the Come ther jo of 
But nom, Azimuth Circles, they falli in ſeveral Points 
A the Horizon 3 and the three Hour-Circles in certain Points in 
the Xquinottial. How to finde which Points fhall be fbewed af 
terwards in dut place, | 


L A 


— 


A} the Meridian ».< H N O.. 
T4 i357 ZF N. 
G l as Jae Azimuth uh © N. 


© { Pole GN. 
X PBS. 
YyY the  Hour-Circle PDS; 
Vi *-Si G6.. 


The Poles of the World Pands are alſo the Poles of the Tro- 
picks and of «the Parallels of Declination. . Awd 

The Zenith exd Nadir, Z4and N, are the Poles of «ll the Par- 
— SO | 


Cid Fs efficiently. acquainted the Reader with the ſeveral 
ines, Poims a#d Poles, belowging to every Cucle, 7 
—_ row proceed to my intended 3 zaxely, to project ( or 
ley dewn in Plano ) «ll theſe Ci Lines, FOREST, 
in their true Poſitions. 


« 


I In" 


es 
_ = 


Howto projef the $ here ys the Pile in the 
© Meridian, 


7” bang iT, f your Line of Chords, andwih = 
Ys a 7 Cameo) deſcribe-the 
ce ZWI'N O; roproſering the which 
Circle all the reſt are ' her eFepyiory ©with the 
0 ID AE EEDeLA. and 2 AN: rats Ver 
tic 
Secondly, the Lathinde of the for viticle you 
or nos ge VIZ. London, is 51 Zang 3D Wii: 2s 
er 30 min. pack our Line of Chords, and ſect them 


Meridian from? to, and from N.to.e, and m__ 
© 


\ ; ” . 
Of Projettion, 7 
the Line Z A « for the ial, Alſo fet 51 degr. 30 m. 
from O'toP, and fromRtoS, and draw the Line P A'S, re- 


n_Y the 4xis of the World and the Hour-Circle of 6 4 


lock. 

Thirdly, take 23 degr. 30 min. the quantity of the 5xs's 

- erm joture-are wo _ diſtance of the two _ 
and ſet them upan the Meridian 

From & to ©, above the al, and al from & 15-0, 

In ikemanner ſet the-ſame diſtance 


N. This done, lay a Ruleru Points 
A and s, andit will cut the 4x of the world PAS in the. 
Point]. So a Circle drawn which ſhall paſs through theſe 
three Points," s I S, ſhall be the Tropick, bf Cancer. Again, 
lay a Rulerto A and ww, and it will cut the Axis in the Point 
K. So a Cirdedraynthrough » K » ſhall be the Tropick 
:- . But eo ſhew how you may find the Centres upon 
+ eſe Tropical Circles are to be deſcribed, I muſt make 
e 


of Diverſion. 


ceof ft:f P or rather fine Paſtboard, with 
Pie >» Nogrees ray” nan,” of Chords deſcribe a p rm as 


ABT, TY [ne rat 
whereof you 0 4 error committed in 
thet will produce 4 joe + Es the trxe Centres. —Be- 
ing thus prepared, you -may veadily find the Centres of the two 


ney pete Parallek of Declination or Jura 

Air (2. for the Tropicks -' Jong the Tre ry 

the wore woke. 48 /ofeare on cit. br fl 1h ow: 

30 win. ont of your Lixe of Chords, end ſet t 

jw rn |, and through the Point > aaron 
the Perpendienla® C D in the Point g. This done, take 


L 2 


4 fo ance Og, Point: T in your- 
np ry where the other 
Point falleth uyou the Line 


'C gh your- 
Conpaſir, and ſetting one 
foot in the Point K of your, 
ProjeFion , and where the 
other reacheth upon the Line 
KS, being extended , there 
' i the Cemtreof the Tropick 
. of Capticorn. \Bu+(2.)'t0 


of the Tropicks were. For 
take 20. degy: mh. 


Line ef Chords; and ſet thew pon the Quadrant from B to'e, 
drawing. the Line 4 «© h, the diftance, Ch: ſhall be the Semidia- 
_— __ the-Parellel of 20 degr. of Declinations which, being 
nr a 4, npox the Line a P, ( being cx= 
fea P3 wil you the Centre of the Parallel 3 and the 
iffes ogy _ being there ſet, will deſcrile- 
A arallel: of. 20 degr. 'of Declination Ir i491. © dud 18 the 
Sawe manner that the Centre of this. Parallel was found, ſo. may 
Jou find. the Centre of that owthe other fide - of the: Aquinodtial , 
og But:(3- ) you hene. ix your Projettion « Parallel or 
Abad wetrbyd6E Ks which is 112 degr. from or 
= Horizon, tbe Centre whereof is found:inthe? ſame man- 
wer #5 were:the Parallels of Declination.. For-if.yow ſet 12 deer.. 
of, your Chord upon the Quadrant 4B O, they mill reach to k - 


ang 4 Lins therefore from: A t b kh, extending it till it 
pogo pe heb loanretdets.f ſo ſhall the diſtance 


between this Point, wher 1:5wcet,; and the Point C,"be- 
the Semidiameter of the. Parallel of Altitude of 12 degr. Where- 

fore that diſtance ſet from the Point 'w of your Projettion, uj-- 
on the Line m Z, heing extended, wt Centre of the Par-- 
allel, engl the 5\3s >= anprand; thn will dyeriacinſincn 
allel of Altitude A wv L. 

Bus for thoſe Parallels of Altitude which fat caer the Hott. | 
zon', theſe army Parallels of Declination which fall near 
to the quinodtial.,..thoſe Hour-Circles: which: fall near to. 4be> 
- Awigot! the Warld on burof\Six ,. aud thoſe Azimuth'Cirelcs. 
which arewear #0 the Prime Verticall. or Azimuth of Eaſt and 
Weſt; that meke Mathematicall Inſtruments bve ax Jn- 
flrawent.called # Bow, which, by the help af one or-more Screws, 


t9:ibeflength of the, Bow )! may tbe .extended..to touch | 
Eh 15 greg Fe \firaight Links: by the edgeof) 


draw your ok oro Azimuths; Pars : 
ebot Dediomoand Altitude, & eaſily 45 Jou may hh 1 
"WED Ren IIs 4- _ Jos Teredare again to 
eonPyo | 


TE GC. - F , aA 


L 3 F ourthly , 


78 Of: ProjeFion. 
Fourthly, \draw'a right Line's Aw between the two Tre- 
picks, the. Tropiok,of Cancer above the Horizow-at 
S, andthe Tr of Cepricermebelow the Horizon adthe Point 
vw. —This Ci TIA ww wen ATE, of 
the Zodiac,which are to be put andothis manner.—Take 23 d. 
30 min. out of on Line Chords and 'fet themfrem Þ to 
Q, andfrom which Poiats,' Q and R, ace the two 
Poles of Ne ehpaks Then take'6o degr. fromyour Line of 
Chords, and ſet them from Q tor; andfrom Q .to3. 'AVo 


ſet the ſame diſtance from-s to 2 andfrom -v to 4. ——Fhis 


done, -lay a Rulertothe. Pole K 'and thevfigure 2, it will cat 
the Echpeick inthe Point xr and @ z the Rulertlaidio R and 2 
will cutit in the Poiattand wiand laidto Rt and 4m m and3>c; 
and laid to R and 3, in 7and #. So have you the true Points 
for the Sun's entrance into if you would have 


every tenth degree af.cach Sign, an eats Spaces 


s 1,1 2,.2Q ,Q 4,4 ny yr = 
ſo will exch part contain 10d. anda ini let echo 
andthe Point R ſhall you the ner 

anſwering to the ©« gore ad tn the: ard 


manner may you ( if ye Projetliow Kok belarge) purow'every 


Fifthly, for the putting on of the HoarSircled confider 
how gn yr grey re the AMecre- 
diaz, and Gn Fans the a -\ 
£quinoGial : a 
the Zqui , and through chat Prins Point in 
where the Ruler apake—oreg a the Hoxr-Cavele —=— 
ample: The Howr-@ircke PB S,in this Projeftion, is 
the Meridian 62:d. 46 ah rar rant on rar errant 
Chords, andf{ctthem from « to 63 theniyying'a Ruler from'Z- 
tob, it will cutthe # inB, thraugh which Pointthe 
Hoxr-Circle of 624.46 m.muft paſs —-FofindtheCemre of this 
Hoar-Circle,(and fo of any other) repairto the former Scheme 
for ning the Centres of the Parallels of Altitude and De-" 
clination ; 


dhinations and (becauſe this. HowniGireld:is diſtant from the 3te- 


ridjee 62 degr. 46 min.) take 62 depr. 46 min.from your Line 


of Chords; and ſet them the ant ABC, from C 
tol,.anddraw the Line-A / w.. So ſhall « Line A-//» be the 
Semidiameter of the Hoas-Cirels PB $5. being-.taken in 


your-Compalles, and ſet upon your: Projedtion from B, upon 
the Live BE, (being extended. hall there give you the Cen- 
tre of that Wewr<Cirgle. Andi: the ſame mwancr- may the 
Centres ob all thereſt be found.; |. 4-1, 

Sinthly, the Avinith Girelea ave.th be draw. upon the Pro- 
FXRtion, and the. Cemregof them found-in- ajl-reſpedtts, as the 
Heur*Cireles werec——60 the 4zianth Circle Z © N, being 
56 degr. 40 mit. From! the Arrediaw, take 56 dogt, 41min, out 
—— Chords,-avd»{e 'the Atridianiof 
yu Projeftion from Q:w0 54th laying a Rulet ynto Z and 

it »vill cuntbe orizow in che Point @ ;; through which the 
Azimuth of 56-degr-41 migi'Z @N; multpals.—— Then, to 
Gnd its Centre, repiiri 40-the fornter\ Scheme, for finding of 


Cemres, and the Quadranth DGerg6'degr..41 min. of 
nee yaa hog Fe ſo ſhall 
the Line 1&w'#: be the Semidianered af. the. t2:iaruth Circle 
reef ou and ſet-upon 


{bong extended,) 
pee Projeion rom on ie Han hin bx £0,N.. 
_ in etna tog other Azdonwth Carcle 

framd..\ v9 11 1 2h IO i4 +75 5 
Po here note = d) That the Centres of of Azimurh Circles 
fall in the Horizon, A D$ extended where need is. ' The 
—_ TEN ST es fall in the - - > mqo_ Line. 
Fropicks 2nd Par- 
all Il DD W 1 P.A S3 ex- 


the Geer of the Cnc of: Alticutle fail iz the- 


== 
ae FEW: op diy Mour-Circle do. 


not ofa $574 in the the ao , or any th Circle juft He 
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!Fe Horizon, but on either fide of thews x 'then you way fied the 
Centres by the Geometricall Propoſitions at the beginning of this 
Book; though there be other waies t6 find the Cemtres upon the 
Projection #t ſelf, which T onrit, 'for that 7 would not-cumber 
the Scheme with unneceſſary Lines. 

Seventhly, Every in the Projeftion hathits proper 
Pole, aswas before Lrinkined,. Now forthe finding them, 

[you are tonote, that the Pole of every 64 er dry godegr 
or a Quadrant of a Circle, diſtant fromthe Circleit (elf, upon 
that Line which cureththe Circle at Angles. . Thus the 
Poles of all the Howr-Civeles arvu 11 neougy 3» cm 

the Horizow. 
lay a nur 


Poles of all the Azimmnths 
would find the Pole of theHpwr=Cirdle P DS, 
Ee re ents 
90 of e toF, 
a Ruler laid from P to! fwillcurche ay oF n ſo is 
Y the Pole of the HowriCzrcle P DS. 

Laſtly, The finding of the Poles of the Arimarh Circle is 
the famewith the HowroCircles: 'Soif 'you would find the Pole 
of the 42th Circle'Z © N, lay: Ruler upon/Z' and G; \it 
wilt cut the Meridian Circle in g3 then fet go degr. of your 
Chord from g tod, ſoa Ruler laid from Z od gill cut the 
Horizon H A Oin the Point ©, which Point © isthe Pole of 
the Azimuth Circle Z' GN. | And thus have you found the Poles 
of one of the Hour ans 'of ite" Ltntnnrdr Circles. And 
by the ſame manner Work you may find the Poles of alithe 


relt. As 
agua: 
3.08 19000  93-! & De IV. 
Howr-cla" P A age 
The P | PBS ; 4 
of he EAN will be. A O 
| or 
Azimuth cine 2 Se, T 
Z © No, G 


7 


Horizon zFHAO Z and N, the Zenith 


T be Poles JISS and Nadir. 
F th Aquinogal A A e>arc<P ands, the Poles of 
| of the Me he Wa 


Ecliptick Ca Aw) Uo andR. 


Thar have I given you at large a plain and eaſe method how 
to projet the Sphere ET Plain of the ian Circle, by 
help of the Line of Chords onely : Upon which Proj by 
rt roi rn or croſſmg of the ſeveral Circles thereof, are 
Js ori divers Sp 4 ras. re Jy de Tring 
and others B olving of w rian 
—_ o: pe mg, $4 4ining to Aſtronomie, G cogapti 
Na arm, may pit Þe ſpeed and exaFneſ; ) he reſo 
= before I come #0 the manner of working particular = 
{tions o as hind, 4 aniflle mogedienithes I how. you, (1.) bow 
to meeſare or fil the quantity of the Sides end A 5 4 
Sphericall Triangle, 4s #hey «re here 4 ge png z 
or lay down Vs or Side of any por. Bs 


I. A Sphericall T riangle LE projeFed, how 
to find the quantity of any Angle thereof. 


the Sides containing the Angle , they being continued 

to Quadrants 3 and note where the Ruler cuts the Aeri- 
dien or outward Circle 3 at both which places make marks up- 
onthe Meridian - the diſtance between thoſe two marks, being 
meaſured upon your Line of Chords, ſhall give you the quan- 
tity of the Bagh 


BY Y a Ruler to theangular Point, and the extremity of 


e required, 


4 en Example 


Of Projetfias. - 
Example |. - 


N the Triangle P © ©, in the Projeftion, letit be requi- 
I red to find the quantity of the Angle © P O. Firſt, 
lay a Ruler upon 7. angular Point P, and to the extreme ends 
of the Sides P © ind PO, they being extended to Quadrant, 
which is, to that Circle which meaſures that Angle : ( as the 
ZquinoFial meaſures all the Angles at P, the Pole of the World; 
the Horizonall the Angles at Z, the Zexith, 8&c.) So the Ru- 
lerlaid from P toe, will cut the Meridien in £5 and being 
laid from P to B, it will cut the Aferidiar in the Point b. The 
diſtance 'b £, being taken in your Compaſſes and meaſured 
uponyour Line of Chords, will be axe pot contain 62 degr. 
46 min. which is the quantity of the Angle © P O. 
if upon the Point P you were to project an Angle to contain 
62 degr. 46 min. then take go degr. of your Chords, and ſer 
rb, 99. gh and through the Centre A draw the Line 
A A £3 thentake 62 degr. 46 m. out of your Line of Chords, 
and ſet them from £ tob; and laying a Ruler from Pto 6, it 
will cut AZ A & inthe Point B : the Circle P B S being drawn, 
the Angle at P will contain 62 degr- 46 min. 


Example IL. 
T. T it be required to find the quantity of the Angle 


ZEP. Lay a Ruler to ©, the Pole of the Circle 

N, and the Point E, it will cut the Aferidian Circle in M ; 

from M ſet go degr. toz3 a Ruler laid from © to s will cut 

the Circle ZE N ( it being extended beyond the Zemith Z ) 
at the Point #. | 

Again, Lay a Rulerupon Y, the Pole of the Circle PE S, 


and it will cut the Meridian Circle invs ſet go degr. from v 
to 


Of Projedtion. $3 
tox upon the Mcridiax 3 a Ruler laid from Y to x will cutthe 
Circle PES in py, 

This done, lay a Ruler from E to ©, and it will cut the 2e- 
ridiax in095 alſo lay the Ruler from E to , it will cut the Ate- 
ridian in >: the diſtance $a, being taken in your Compaſles 
and applied to your Line of Chorls, will be to contain 
21 degr. 45 min. And ſuch is the quantity of the Angle ZE P. 


Theſe two ſorts of Angles are the moſt troubleſome to find 
their quantities, and therefore 1 have Aer dns _ There 
are other Angles in the ProjeQion which render their meaſures 
to the eye, without farther Inſiruions for finding their quan- 
titres. 


IT. 4 Sphericall Triangle being projeed, to 
find the quantity of any Side x Rat 


Ruler laid upon the Pole of the Circle which is to be 
meaſured, and to the extreme ends of the Side of the 
Trianglez note where the Ruler, ſo laid, cuts the Ade- 
ridien at both ends of the Side : thatdiſtance , taken in your 
On and meaſured upon the Line of Chords, will give 


you the quantity of the Side of the Triangle. 

'h ZEP. Lay a Ruler to © (the Pole of the Circle 
N ) and the _ Point E, it will cut the Aeridzax in 

M3 andaRulcerlaidto Z wilt cut the Aferidianin Z. So the 


Example I. 
ET it be required to find the Side E Z of the Triangle 


diſtanceM Z, taken in the Compaſſes and meaſured upon the 
Line of Chords, will be found to contain 78 degr. And ſuch is 
the quantity of the Side Z E. 


M 2 Example 


| 
| 
| 
| 
[ 
( 
| 
' 
| 
| 
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Example II. 


EF itbe required to find the Side © B of the Spherical: 

EL Triangle A © B, —Lay a Ruler upon X , the Pole of 
the Circle P BS, andthe Point B, it will cut the Meridian Cir- 
clein e.—Alfolay a Ruler from X to ©, it will cut the Meri- 
dian in the Point 4. The diſtance between « and & ,: bein 
taken andmeaſured onthe Line of Chords, will contain 20: 
And ſuch is the quantity of the Side © B. | 

T could inflance in divers other Examples concerning the Mea+ 
ſuring of the Sides and Angles of Triangles wpon the Projettion 3 
but T here omit: them, becauſe in the reſolying of the follow! 
Propoſitions they will come in praifice, and the Marner of the 
performance is there lainly expreſſed : onely Taeemed it corrve- 
rient here to give ſome taſte thereof, as a Preparative to that 
which followeth. But before I come to ſew the Manger 
of reſolving of particular Queſtions in Aſtronomie , Geogra- 
phy, &c. I will declare the Variety of Sphericall Problems that 
wall * ariſe ont of every -Sphericall Triangle, being pro+. 
jeded. - 


Trae Variety Or 
Pp HAE&1:.0A4L.L 


PROBLEMS 


Naturally arifing out ofevery Sphericall Triangle,boch 
Right and Oblique-angled , and that are relolvable 
thereby., defcribe1 as they are perſpicuous. to the 
Eye in the Projection, 


The Fifth Exr &c15s+; 


—I 


N i#he foregoing Part of this ' Book have 
s the Dottrine of Plain ard Sphericall Tri- 
angles Geometrically performed. - And in 
the. Solution of Right-angled Sphericall 
Triangles there were 16 Cales ; a»d in Ob- 
lique-angled there were 12 Caſes : but the 
16 Caſes of Right-angled Triangles will 
by this projective way be-reduced to 5 Ca- 
les, and the 12 of Oblique-angled will be reduced to 6 3, ſo that- 
in both there will be but 11 Caſes, whereas before there were 28. 
That this may appear plain to the Reader, I will make uſe of two 
| M 3 Triangles + 


-_= 
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Triangles in the Projeftionz one whereof ſhall be Right-angled, 
4 the Friangle P 0 ©, Right-angled 4t 0; and the other ſhall 
be the Oblique-angled Triangle ZE P.——The Right-angled 
Triangle is conſtituted by the ImterſeFion of three. great Circles 
of the Sphere; namely, of P O, an Arch of the Meridian, © 0, 
an Arch of the Horizon, and P ©, the Arch of an Hour-Circle. 
—The Oblique-angled Sranpag E P,js conſtituted alſo of three 
Arches of great Circles of the Sphere, (as all Sphericall Trian- 
gles whatſoever are; ) namely, of Z P, an Arch of the Meri- 
dian, PE, an Archof an Hour-Circle, and ZE, ax Arch of au 
Azimuth Circle. | mn + 


1z the Right-angled Spherical Triangle, P ©O, 

P- 0 is the Latitude of the Place. ; 

The Side yo 0 is the Sun's Amplitude from the North. 
P © # the Sun's diſtance from the Pole, or the 
Complement of his Declination. 
OP 0 # the Hour from — or from dhe 

| North part of the Meridian. 
The Angle4/p ©0 # the Angle of the Sun's Polition at the time 
of the Pueſtion. 

P 0 © is the Right Angle. 


The Parts of the Triangle being declared, and of what Cir- 
cles of the Sphere zhe Sides do conſiſt; I will now come to the 
Caſes, which ( «s I-ſaid before ) are 5 in every Right-angled 
Triangle. $0 that any two parts of the Triangle Fa beſides the 
Right Angle ) being given, I will ſhew in every of the 5 Caſes 
what parts may be found. 


I In 


im Spherical riangles. $7 
I. In a Right-angled Sphericall Triangle. 


Cazeg' L 


The Baſe and Perpendicular being given, to finde the other parts 
of the Triangle. | 


N the Triangle P ©O here is given P O, the Latitude, 
and © O, the Amplitude fromthe North part of the Aeri- 
dian 3 by which you may find 
1. PO, the Complement of the Sun's Declination. 
3. q © PO, the Hour from Midnight. 
(3. POO, the Angle of the Swr's Poſition. 


Case Il. 
The Hypotenuſe and Perpendicular being given, to find 


parts. 


N the Triangle P © © hereis given P O\,the Latitude, and 
I P ©, the Cortplement of the Sun's Declinationz by which 
may be found 
f1. ©O, the Amplitude from the North. 

2, OP ©, the Hour from Midnight. 

3. POO, #he Angle of the Sun's Poſition. 

6.4 Andifin ſteadof the Perpendicular there had been 
*} - giventheBaſe©O, you might then find 

4. PO, the Latitade. 

5. ©PO, the Hoxr from Midnight. 

6. POO, the Angle of the Sun's Poſithon- 


the other 
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I wv C ASE | II. 
The PRES: and an Angle being given, to fad the bikers Parts. 


HF RE is given inthe TriangleP © O, the Complement 

of the Sun's .Declination, P © and © PO, the Hour 
from Ry 8 by which may be found 

| . ©O, the Amplitude from the North. 

12. PO, the Latitnde. 

3. CD©O, the Angle of the:Sun's Poſition. 

44 And ifinlieu of the Angleat P, the Angle at © P 
; | had been taken, then:you might have found 

L 


4. © O, the Amplitude from the Nort 
5. PO, the Latitnde. 
6. OP A, the Honr from Midnight. 


Cas8: Iv. 


Fhe Perpendicular, or Baſe, and either pe the Angles grven, to fad 
the other Parts. 


F'N the Triangle P © © let-there be given the Amplitude, 
© ©, and the Angle of the Sun's Poſition, Þ © Oz by which 

you = find 
. PO, the Latitude. 

2. oPO, the Howr from Midnight. 

13. PO, the diſtance of of the Sun from the Pole. 

But if the Side given hadbeen © O, and the Angle 

given © PO, then you might have found 

4. P ©, the Complement of the Sun's Declination. 

5. PO, the Latitude. 

6. P&O, the Angle of the Sun 5 Poſition. 

12.4 —_—_ if ©Oand © PO had been oiven, then 
| t be found 


7. © P, ! Complement of the Sun's Declination. 
8. © O, the Amitnds from the North. 
9. POO, 
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| 9. P © O, the Angle of the Sun's Poſition. 
[4 Anda ain, if OandO © P had been given, we 
might then have alſo found _ 
IO. © P, the diſtance of the Sun from the Pole. 
| 11. © ©, the Amplitude from the North. 
12, ©PO, the Hour from Midnight. 


The Angles being given, to find the other Parts. 
[F thetwo Angles P @Q-and OP®© be given, there may 


be found 
| ya PO, the Latitnde. 
3» 


2. © O, the Amplitude ow the North. 
3. Þ ©, the Complement of the Sun's Declination.. 


ſee, that in this _ ry led Sphericall Tri 
= the ſeveral Parts theſe fore Caſes, there are 
30 Sphericall lou Sed: 5 = Gs many are reſolvable 
in every RAG LAINT Triangle. | 


" 1]. Inor Oblique $ hericel T -Hiwple 


In the Oblique-angled Sphericall Triangle « Z pl E, 


ZP.isthe Complement of the Laiitude. 
The Side pg E is the ; po eepieney of of the Sun's Declination , 
om | 


the North Pole. 
ZE is p- Ar Sts of t 


Sun's Altitude. h 
EZP. isthe Qur's Azimnth from the North part of 


The Oy is the Hour from Noon. 
ZE P is the Angle of the Sun's Poſition. 


N CasSE 


| 
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Ca SE I, | 
The three Sides being given, to find an Angle. 


T* the Triangle Z E P, if there be given the Side E Z, the 
Complement of the Sun's Altitude, Z P, the Complement 
of the Latitude, and E P, the Sun's diſtance from the Pole, 
or the Complement of his Declination, you may find 
f 1, EZP, the Sun's Azimuth from the North. 
I. 


2. ZEP, the Angle of the Sun's Poſition. 
3. ZPE, the Hoxr from Noon. 


Cact 


Two Sides and the Angle comprehended by them being given, to 
find the other Parts of the Triangle. £7 


IF In the Triangle ZE P there be given the Side E Z and 

Z P, and the Angle berween them EZ P, you may find 

fr. ZE P, the Angle of the Sun's Poſition. 

2. ZPE, the Howr from the South, or Noon. _ 

3. EP, the Sun's diſtance from the Pole. 

ER Goes Z Pond P. E, and the hogs BY E 
cen them, given, then might have 

| PEE of the ofit 

4. , | Sus Poſition. 

5s, EZ, the Ga the Sun's Altitude. 

6, EZ P, the Azimath of the Sun from the North. 

And if the Sides ZE and PE, with the Angle ZE P 
contained by them, had been given, there might 
be found  * 

7. EZ P, the Sun's Azimuth from the North. 
3. ZP, the Complement of the Latitude. 
9. ZPE, the Hour from Noow. 


4 


| 


A. 


9. 
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Cass II. 
Two Angles, and «Side contained by them, being given, to find 
the other Parts. 


F inthe Triangle ZE P the Angle EZ P and the Angle 
Z PE, with the Side contained between them, Z P', be 
we may find 


| 1. ZE, the C ent of the Sun's Altitude. 
2. LEP, the Angle of the Sun's Poſition. 
3. EP, the Complement of the Sun's Declination. 
But if the Side E P, and the Angles ZEP & ZPO, 
had been given, then might be found 
4. EZ, the Complement of the Sun's Altitude. 
945. EZP, the Azimmth from the North. 
6. Z P, the Complement of the Latitude. 
And if the SideZE, and the Angles PZE and 
PEZ, had been given, then you might find 
7. ZP, the Complement of the Latitude. 
18. ZPE, the Hour from Noon. 
'9. PE, the Suie's diflance from the Pole. 


Cass IV. 


Two Sides, with an Angle oppoſite to one of them, being given, to 
nd the other Parts. "poſi FR I 


[IF there be given the Side Z P, the Side E P, and the Angle 
ZE P, there may be found 
"1. EZ, the ent of the Sun's Altitude. 
2. E ZP, the Swh's Azimwth from the North. 
3. ZLPE, the Howr from the South. 
But if the Side Z P, and the Side E P, with the 
angle E Z P, had been given, then might be 


14. EZ, the Complement of = Snx's Altitude. 
; 2 


a 


s. ZEP, 
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| 5. ZEP, the Angle of the Sun's Poſition. 
6. ZL PE, the Hour from Noon. 
And if there had been given EP, EZ, andEZP, 
then might be found 
7. ZP, the Complement of the Latitude. 
8. ZPE, the Hor from Noon. 
9. LEP, the Angle of the Sun's Poſition. | 
In like manner, if the Sides PE and E Z, with 
the Angle Z PE, had been given, then might be 
found _. 
10. Z P, the Complement of the Latitude. 
11. EZP, the Azimuth from the North. 
12. ZE P, the Angle of the Sun's Poſition. 
Again, if the Sides E Z and Z P, with the Angle 
PE, had been given, then would be found 
13. PE, the Sun's diſtance from the + Pole. 
14. ZEP, the Angle of the Snun's Poſition. 
15. EZP, the Sun's Azimmth from the North. 
Laſtly, if the Sides EZ and Z P, with the Angle 
Z E P, had been given, -then you might find 
16, PE, the Complement of the Sun's Declination. 
17. ZPE, the Hour from Noon. 


| 18. EZP, the Azimuth from the North. 


Cas V: 


Two Angles , and | 4 Side oppoſite to one of them, being erven, to 
find the other Parts of the Triangle. 


IN the Triangle'Z E P, if there be' given the Angles E 7 P 
' and Z P E;\withthe Side P.Ey:there may be found 


-I. Z P, the Complement of the Latitude. 


2.'LE, the Complement of the Sun's Altitude. 
3. ZEP, the Angleof the Sun's Poſition. 
But if there were given EZ Pand Z PE, with the 
Side Z E,-then might be found. _ 
4+ 2 
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14. ZP, the Complement of the Latitude. 
5. PE, the Swn's diſtance from the Pole. 
6. ZEP, the Angle of the 8un's Poſition. 
And ifthe Angles ZPE and ZE P, with-the Side 
| E P, were given, then might be found 
7.. Z P.. the Complement of the. Latitude. 
3. PE, the Honr from Noon. 
9. EZ P, the Sun's Azimuth from the North. 
18. Again, if there were given the Angies ZPE and. 
1 Z EP, with the Side Z P, you might then find 
Io. ZE, the Complement of the Sun's Altitude. 
11, PE, the Complement of the Sun's Declinatiqn. 
12, EZP, theSun's Azimuth frons the:North. 
Alſo if there were given the Angles ZEP and EZP.,. 
with the Side Z P, you might find 
13. ZE, the Complement of the Sun's Altitude. 
I4. PE, the Complement of the Sun's Declination. - 
15. £PE, the Hour fron Noon. - 
And laſtly, if there were given the Angles ZE P 
and E Z P, with the Side P E, then might be found 
16. ZE, #he.Complement of the Sun's Altitmde. 
17.. ZP, the Complement of the Latitude. 
.18. ZPE, the Hour from Noon. 


Cass VI. 
The three Angles being given, to find the other Parts. 
In the Triangle ZE P, if the three Angles EZ P, Z PE, 


and PE Z, begiven, there may be found 
f LP, the Complement of the Latitude. 
3. 


2, PE, the Sun's diſtance from the Pole. 
3. ZE, the Complement of the Sun's Altitude. 


' Thas have you in theſe ſix Caſes all the Varieties that will ariſe . 
ont of an Oblique-angled Sphericall Triangle, in the C — 4 
N 3 which . 
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By the 


ſolved: and ſo m Oblique-angled 
je Triangle, and 30 in every Right-engled : 80 that in theſe 
two Triangles 90 Queſtions are reſolved. For, 


In a Right-angled Sphericall T riangle, 


Firſt 
Second 


By the Third 
Fourth 


Fifth 


Firſt 


dony 

" comer Caſe are reſolved: 
F# Fifth 
\ Sixth 


The V ariety of Caſes , &c. 


which Caſes you may obſerve 60 Bueſtionsof- ——— re- 


are reſolvable in 


Caſe are: 


3 


*( Spherical 


J12( Weltions. 


3 


— — 


Inall 30. 


3 
9 
9 S 
18/P 
18 
3 


> — 


In all 60, 


In an Oblique-angled Sphericdll Triangle , 


ericall 
> 1nrvy 
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PROPOSITIONS 


ASTRONOMICAEL, 


Ukſetull in the Pratice-of 


NAVIGATION: 


Performed by the reſolving of ſeverall Sphericall 7ri- 
angles upon the Projetiion. 


—_——— 
®* 


The Sixch Exe RCISE. 


— 


F the vaſt number of Sphericall Queſtions 
that are reſolvable by the ſeverall Sphericall 
Triangles that are ( by the Interſetions of 
the great Circles 9 the Sphere ) conftit#- 

W ted upon the Projeftion, ſeeing there may 

> be 30 in every Right-angled, and 60 in 

xs every Oblique-angled Spherical! Triangle 
reſolved; I have made choice onely of ſuch 

45 I conceived moſs neceſſary for Sea-mens uſe. Of which , 

ſome of them will _—_ fo them in finding the Latitude; 

others for finding the Sun's Altitude apor ſome. certain Points 
0 


96 Aftronomicall and 
of the Compaſs', and at ſome particular Hours : others will 
belp them to find the Variation of their Compalsz and ſome of 
them will help them to the Hour of the 5-3 Dae: ipght. 

Ey the manner of Working of theſe Propoltionswpon'the Pro- 
jedtion , the ingenious Praftitioner may propoſe divers other 
Qucſtions #0 bimfelf,. and projeQ the. Sphere in Pla #table 
unto them ;- in the Prattice and true perfortance-w reof be 
will accunmlate to himſelf both Pleaſure and Profit. 

Beſides the workingof theſe Propoſitions wpon the Projectian, 
T have to every of them added the Andlogid Pr rtion,” by 
which they may be reſolved by the Canons of Artificial Sines and 
Tangents 3 ſothat ſuch as require more eocutineſs then can be ex- 
peed from Inſtrumental performance , way by thoſe Canons 
work and reſolve their Queſtions more accurately. Many more 
Propoſitions 7 could have added, but theſe (for the Alfono- 
micall part) 1 deemed ſufficient : ſuch as concern Geographie 
and Navigation ſhall follow in convenient place. 


Proe, |. 


.The diſtance of the Sun from the neareſt Aquinodtial 
Point ( either Aries or Libra ) given, to find bis 
Declination, 


TIN the Proje&#ior this Propoſition is to be reſolved upon the 
| Aight-angled Sphericall Triangle A k =: , right-angled at xx : 
which Triangle is conſtituted by the Interſeion of. the Arches 
of three great Circles of the Sphere; namely , of A x2, a 
Arch of the Ecliptick, Ak, an Archof the ZquinoGial; and 
of > k, an Arch of a great Circle paſſing through & and R the 
Poles of the Ecliptick,, and cutting the Ecliptick at right Angles 
P zz, whichis the place of the Sw at the time of the Que- 
OR. 


In which Triangle you have given ( beſides the right Angle 
at 


ates) (1.) theSideA 2,599 *» <a 
the Sun from the neareſt Point Librez ( 2.) the 


Ak 23 . 30 min, which is the Angle that the 
ok makes with the ZquinoGial, and is alwazes equal to 
ye oy ol — et —_ he re in this - 
angie You given eCAmtTs, Angle at the 
Baſek A «, - Trae find pr 3b panrnry k 3, the Swr's 
Declination, the 25. I1, Caſe of angled Sphericall Tri- 
angles in the £0 Part of this Book® For which this is - 


The Analogie or Proportion. 
As the Radius go degr. istothe Sine of the Sun's greateſt De- 
clination 2 30 min, 
Sois the Sine Sun's diſtance from the next Aquinodhial 
Point Libre 59 degr. to the Sine of the Sun's preſent Decli- 
nation 20 degr. 


To reſolve the Triangle upon the Proje@ion, 


a Rulerupon the Pole of the Circle R = Q., (which is 

=v; and the Point 4, it will cut the Meridian in the Point 
Alſo lay a Ruler from & to «, it will cut the Meridian in 
the Point wy. Sothe diſtance {v, being meaſured upon your 


Lineof Chords, will contain 20degr. the Sun's Declination, 


he being in the 29. degree of =: + 


Ed i hp wager ; nt hath age 7 hn degr. of 

, Or 29 IQ, every 0 

<0 dec ploy. +3 from one of the hes ory cd 
er Libra 59 degr. 


Proe, II. 


The Latitude of the Place, and the Declination of the 
Sun , being given, to find the Alcenſional Diffe- 
Fence, - 


P ON the ProjeQtion this Propoſition is tobe reſolved 

. by finding the Side A.B of the Right-angled Sphericall 
Triangle A © B, Right-angled at Bz which Triangle is com- 
pounded of three Arches of great Circles, namely, of A ©, 
an Arch of the Horizon, A B, an Arch of the Aquiottial, and. 
©B, an Archof an. Hour-Circle., ; 

In this Triangle. you have given (1.,) the Side © B, the 
Sun's Declinatian 20 d. (2.)the Angle © A B,the Complement 
of the Latitude 38d. 3o m. and the right Angle at B. In this 
Triangle therefore you have given © B,the Perpendicular,and 
©A B, the Angle at the Baſe, ta find the Baſe A B, which you. 
may doe by the 14. Caſe of Right-angled Sphenicall Triapgles., 
For which this 18. - 


The Analpgie or Proportion. 


As the Co-tangent of the Latitude 38 degr.. 30 min. is to the: 
Tangent of the Sun's Deelination 20.degr. | 
$o is the Radius godegr. tathe Sine of the Aſcenſional Dit- 


ference 27 degr, 14'Min.. 
To reſolve the. Triangle upon the ProjeSFion, 


Lay aRulertoP, the Pole of the World, (and alſq of the 
Ne ware ) and the Point B, it will cut the Meridian Circle 
in the Point &; the diſtance b S, being taken in your Compaſles 
and meaſured upon your Line of Chords, will reach from the 
| beginning thereof to 27 degr. 14min. the Aſcenſional Dit- 

ference 3 which is ſo much as the Sun riſeth or ſetteth before 


ax after Six a Clock, Sotheſe 27 degr. 14 min. being turned 
Into ; 
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into Time (by allowing 1 5 deg. for one Hour, and one Degree 
for 4 minutes of Time) is t Hour and 49 min. ard ſo tnuch 
doth the Sun riſe or ſet before or after the hour of Six, ac- 
cording to the time or ſeaſon of the Year : for if the Sun hath 
North Declination, then he riſeth before Six, and ſets after 
but if the Sun bave Soxth Declination, then doth he riſe after, 
and ſet before Six, | 


This Aſcenſional Difference being added to 6 Hours will 
give you the Semidiurnall Arch fam +11, eh the Day 3 and 
being taken from ſix Hours, willleave the Seminofturnall Arch 
or Half-length of the Night. 

The Semidiurnall Arch, when the $un hath 20 degr. of North 
Declination, is repreſented in the Projeion by the Arch xx a©, 
and the SeminoQurnall Arch by © a. The Semidiurnall Arch, 
when the Snn hath 20 degr. of South Declinztion, is repreſented 
by the Arch =: E r, and the SeminoCturnall by the A#chr c 7. 

Though 1 have ſhewed how theſe may be found by adding and 
ſubtraCting the Aſcenfionall Difference; yet they may be fonnd by 
the Projection, for the Arches are vated wpor the quino- 
tial. Wherefore lay a Ruler to P, the Pole of the World, and the 
Point B, it will cut the Meridian Circle in b:; $0 the diſtance b A, 
being meaſured by your Chord, will be 117 deer. 14 min. the 
Semidiurnall Arch, and bz meaſured will be p deer. 11 min. 
for the SeminoCturnall Arch. 


PRroe, II. 


The Latitude of the Place, and the Declination of the 
Sun, being given, to find his Amplitude. 


FAFHERE aretwo Triangles upon the ProjeQtion, by the 
reſolving of either the Propoſition may be reſolved, 

and both of them Right-angled. The one is the _ P©O, 
O 2 Right-angled 


IOO 
Right-angled at O. The other is the Triangle made uſe of in 


Aſtronomical and 


the laſt A © B. Thefirſt Tri is conſtituted ' 
of theſethree Arches, viz. P O, an Arch of the Meridian , 
P ©, an Arch of an Hour-Cirtle, and o0, an Arch of the 
Horizon. The ſecond Triangle conliſteth of A ©, an. 
Arch of the Horizon, © B,an Arch of an Hour-Circle, and 
AB, an Archof the Equinodtal. In the firſt Triangle you 
have given the Pe arPO, the Latitude of the Place, 
and the Hypotenuſe P ©, the Complement of the Sun's Decli- 
nation 70 degr. by which you are to find the Baſe © O, the. 
Sun's Amplitude from the North _ of the Meridian, which 
may be found by the 7. Caſe of angled Sphericall Fri- 
es. —In the ſecond Triangle B © meh which is that Twill 
firſt exemplifie in)you have given (1.) the Perpendicular © B, 


the Sun's tion -20 degr. G5 the 3 at the. Baſe. 
e 


©A B, the Complement Latitude 38 degr. 30 min. to. 
find the H ypotenuſe © A, the Sun's Amplitude from the Eaſt 
or Weſt. So having the abs ©B, and the te 
atthe Baſe © A B, you may find the Hy potenuſe 0h He 

4: . Caſe of Right-angled Sphericall Triangle And 

this is 


The Analogie or Proportion. 


As the Co-fine of the Latitude 38 degr. 30 min. isto the Ra-- 
dius 9o degr. 

So is the Sine of the Sun's Declination 20 degr. to the Sine of 
the Amplitude from the Eaſt or Welt Points of the Hoxtzon . 
33 degr. 20 min. 


To work the Propoſition nponthe ProjeTion, 


Lay a Ruler upon Z the Zenith, ( which is alſo one of. the 
Poles of the Horizon, ) and tothe Point ©, it will cut the 
Meridian Circle in d; and laid from Zto A, it will cut the- 
Nadir Point inN : Sothediſtance N d, wh taken in your 
Compaſſes res upon your Line of Chords, will con- 


tain 


JMI 
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tain 37 degr. 20 min. the ity of the Hypotenufe, which 
is the Amplitude of the Sun's riting or ſetting from the true 
Eaſt or Weſt Points of the Horizon. | 

To perform the ſame Work by the other Triangle P © O, 
Lay a Rulerto Zthe Zenith, and the Point ©, and it will 
cut the Meridian Circle in the Point d, as before: So the. 


diſtance d O, meaſured upon your Line of Chords, will-con- 


tain 56 degr. 40 min. which is the Amplitude of the Sun's ri - 
ſing or ſetting fromthe North Point of the Horizon. . 


PRoer IV; 


The Latitude of the Place, and the Declination of the- 
Sun., being given, to find the. Angle. of the Sun's. 
Poſition at the time of his riling... 


HIS Propoſitions reſolvable upon the Triangle P © O::. 
In-which there is given. (1..) the Hypotenuſe P ©, the- 
Complement of the Sun's Declinationz (2.) the Perpendi-. 


. cular PO, the Latitude : - andit is required to find the Angle 


P © O : which may be found by the 15. Caſe of Right-angled.. 
Sphericall Triangles, and by the following 

Analogie or Proportion. : 
As the Co-fine of the Declination 70 degr. is-to the Radius - 


go degr. 
So is =, of the Latitude 51 degr. 3o min. to the Sine of.. 
the Avgle of the Sun's Poſition at the time of his riſing. . 


By the ProjeGion. 


Lay a Ruler to X, (the Pole of the Hour-Circle.P ©S, ). 
and the Point © 3 the Ruler ſo laid will cut the Meridian Circle 
near the Point & : then ſet go degr. from «1. to x upon the Me- 
ridian, and lay the Ruler from X to x3 - ſhall ir cut the = 

3 urcle - 


TO2 Aſtronomical and 
Circle S © P ( being continued without the Meridian Circle) 
inthe Point *. Again, the Ruler laid from © to * will cut the 
Meridian Circle in the Point 2. So the diſtance O 2, beiiig ta- 
ken in the Compaſles and applied to the Line of Chords, will 
be found to contain 56 degr. 29 min. which is the quantity of 
the Angle P ©O. 


Proe, V, 


The Sun's Declination, and his Amplitude from the 
North part of the Horizon, being given, to find the 
Latitude. 


IN the ſame Triangle asin the laſt Propoſition P © O, you 

have ——_ (1.) the Baſe © O, the Sun's Amplitude from 
the North part of the Horizon (2.) the Hypotenuſe P ©, to 
find the Perpendicular P O. Sothereare two Sides given to 
find the third, which you may doe by the 8. Caſe of Right-an- 


gled Sphericall Triangles. 


The Analogie or Proportion. 


As the Co-fine of the Amplitude from the North 33 degr. 
20 min. is to the Radius go degr. 
So is the Sine of the Declination 20 degr. to the Co-fine of 
the Latitude 38 degr. 30 min. 
By the ProjeFtion. 
Thisis eafie 3 for if you take in your Compaſſes the diſtance 
from O to P upon the Meridian, and mea(ure it upon your 


Line of Chords, it will be found to contain 51 degr. 30 min. 
the Latitude required. 


PROP, 


P.aoe,. VI, | 


The Sun's greateſt Declination, with his Diſtance from 
thenext Aquinodial Point (Aries or Libra, ) being 

' given, to find bis right Aſcenſion, 
HE Triangle A & =: in the'ProjeQion reſolves this 
\ Propoſiti 4 in ek you have given (1.) the Side 
A =, the dj of the © from &:3 (2.) the Angle = A kh, 
the Sun'sgreateſt Declination, and the right Angle at = : So- 
ou have given the Baſe, and the Angle at the Baſe to find the 
para e, Which you may doe by the Caſe of Right-an- 

Sphericall Triangles, and this 


Analogie or Proportion. 


As the Radius go degr. is to the Co-ſfine of the greatelt De-- 


clination 66 degr. 30 min. 
So is the Tangent of the Sun's diſtance from the next Zqui- 
nottial point Libra 59 d. tothe Tangent of the right Aſcen-- 


fion 56 degr. 50 min.. 


gl 


By the ProjeGion. 


Lay a-Ruler to P and, it will cut the Meridian Cir- 
cle in 5 -. the diſtance S 5-, taken and meaſured upon your 
Line of Chords, will contain 56 degr. 50 min. the Sun's right 
Aſcenſion. 


I ſhould here ſhew how the right Aſcenſion and Declination 
of a Star might be found; but, the Calculation Trigonometricall 
being very laborious, I have therefore in this place omitted it, be- 
cauſe I have in another Treatiſe, now ſpeedily to be publiſhed, fra- 
med Tables of the Longitude, Latitude, Right Aſcenſion, De- 

| clination, 


104. Aſtronomical and 
clination, end Semidiuraall Arches, of the woſt eminent Fixed 
Stars in the Heavens, exaltly calcu for the Tear of onr 
Frcs —_ and alſo other wo de rug pg) 


RR YR ir 6 oſs; ou 
pus time of their coming tofle oath —_ . ig, rin 


Rules and DireGions preſcribed in w Hevnenatcand wt c, 
which will contain ( the Tablet bere mentioned ) all ſuch 
others as at any time the Sea-man ſhall have occaſion for in his 
PraFice, «nd divers other things too tedious here to enumerate. 
But in the mean time I fhall requeſt the Reader 'to be Jaticfied 
with theſe two Tables following : Theſe Exerciſes being things 

. nth PraGficall. | 


Nanticall Propofitians. 


A ATable of the Sun's right-Aſcenfion ſaber every /De- 
gree of the Ecliptick, 


Q 
oO 


"4 | 


© V Enawyrwrmo. | 


& 


'ELPSIPELL IANS IIS ASS 
4 A ww O00 OW UObAwyHw=wH OW Ow unaphwy =O 0 


woo — - © Afrovonical and | 


A Tableof the Sun's right Aſcenſion fore every De-| 
gree of the In: 


© cow Eng ww ww o | 3d 


—_ 


- ©w— 
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[Ther t Aſcenſion. Dedination; and Ma 
of fome principal Fixed Stars. 
| TheScars Names, Magn: 
| | — 
Tt Put N[2 
The Girdle of Andromeds IN[2 
The — p_ Horn of the a 
| + 
1B 
| rg Star in | the Ram's Nl, 
{The Whale's Jaw N}2 
The Head of Aeduſe N[3 
The Bulfs Eye N{[x 
[The Goat N[x 
ORſe Goyter of 0- & 
2 
iFT latter Shoulder of 0- 
| o Nl2 
| 1$ [x 
Nj2 
Nt a2 
'N 2 
IN { Nebs | 
S 12 
Njn1 
N|2 
Lion's T ail N[1 
The Virgin's Girdle wy 


The 


The right Aſcenſion, Nechnation; and Ma 
- gnitude of ſome principal Fixed Stars. 
ppg endo. i 
The Stars Names, [5,5 | Pei |-|ogn 
| D. M.|D. M. 
| 45ot | 1189 36|57 36|N|2 
Vindemiatrix I91 1512.51|Nj3 
{The Virgin's Spike I96 44} 9 17kS,þ1 
Ardurus 209 56121 4|Nj1 
| The Southern Balance 217 $56|14 32S |2 
{The Northern Balance. . 224 31| 8 a2|s jÞ 
In the Serpent's Neck 231 49| 7..35|N}3- 
The Scorpian's Heart: 242 4125, :34 |S [1 
Hercules Head. 254 40[14 51]N}3 
Ophinchus Head 259 41|12 52|N|3 
he Harp 1276 17138. 30(N{(1 
The Vulture 293 27| 8 11N{|2 
The upper Horn of the | _—_ 
Goat 299 30|[13 32|S |3 
Left Hand of Ins 207 10[10.431S [4 
Left Shoulder of Aquarins | 318 18| 7 2fS |3 
Pegaſus Mouth : - + : 321 49| 8 18|N|3 
{Right Shoulder of Aquarins | 326 59] 1 50 ÞS [3 
Fomahant | 339 29|31 23|[S |1 
JUpper Wi of Pegeſh , 1341 53113 21{jN}2 
In the tip of Pegaſus Wing :| 358 52113 15|N|[2 


Nanticall Propoſfttions. 10g 
Proe?, VIL, 


The Latitude of the Place and the Sxn's Declination 
| being given, to find at what Hour the Sun will be 
upon. the true Eaſt or Welt Points. 


P ON the Projeftion-there axe two Right-angled Sphe- 

ricall Triangles, by either of which this Propoſition 
may be ſolved. The one is the. Triangle Z P o, made by the 
Interſe&ions of Z o, an Arch of the Prime Verticall, P o, an 
Arch of an Hour-Circle, and Z P, an Arch of the Meridian. 
In which Triangle there is given Z P, the Perpendicular, the 
Complement of the Latitude of the Phace: 38 degr. 30 min. 
and the Hypotenuſe P's, the Complement of the Sun's De- 
_ Clination 70 degr. to- find the Angle at the Perpendicular 
Z Po, which you may doe by the 14. Caſe of Right-angled 
Sphericall Triangles. 

The other Triangle is o C A, right-angled at C, and is con- 
ſtituted of #-C, an Arch of an Hour-Circle, C A, an Arch of 
the AquinoQal, and o A, an Arch of the Prime Verticall, 
In which Triangle you have given , (1.) the Perpendicular, 
O C, the Sun's Declination 3 G .Jthe Angle at the Baſe, CA o, 
the Latitude 51 degr. 30 min. to find the Baſe CA. Thus 
having the Perpendicular. and the Angle at the Baſe, you may 
find the Baſe C A as followeth , this being 


The Analogie or Proportion. 


As the Tangent of the Latitude 51 degr. 30 min. is to the 
© } Tangent of the Sun's Declination 20 degr. 
So is the Radius go degy. to the Co-ſine of the Hour from 
Noon. 


oo 7o 


To reſolve the Propoſtion by the ProjeJion, 


Lay a Rader po Þ, P, the Pole of the World, and the An- 
gle Cof your theRuler yep the Meriden Cir- 


cle in the Point Wu our Compaſies 
ind meaſured apon YOU DS Eins Chords, will be found to 


contain 73 degr. 08s. which conv into Hoursand 
nutes will be 4 hours and about 53 min. So that the San, when 
he hath 20 degr. of Declination, will come to the Eaſt 
Point at 7 min. paſt 7 inthe Morning, and willbe duc Welt 
53 min. after 4 m the Afternoon. 


Proe, VIIL 


Having the Latitude of the Place, and the Sun's Decli- 
nation, given , to find what Alcitude .the.Sun ſba{l 
have when he's upon the true Eaſt or Weſt Points, 


HIS Propoſition may be.reſalved by cither or both of 

1 the Triangles mentioned inthe by chteror For 

-in the TriangleZ P o you havegiven PZ, the P 

pry ns the Hypotenule, to find 6, the Baſe, by the 8:Caſe 
Right-angled Sphericall 2 nges. 

oe the ria rgle oCA, you ens.) the Per- 

-pendicular o C, he Sans DeeYantion ) the An- 


gle at the Baſe-o A C, the Latitude ofthe Place 51 Jae: 30m. 
.to find the Hypotenuſe # A, for which this is 


The Analogie or Proportion. 
As the Sine of the Latitude 51 degr. 30 min, is to the Sine of 
the Declination 20 degr 
'Sois the Radius go d : Bike Sineof the Su's Altimade be- 
| ae. 25 degr. 55 min. 


To 


Nentiicall Propoſitions. nr 
To reſolve the Propoſition by the ProjeTion, 


er,upon O, (one of the Poles of the Prime Ver- 
-J and to the Angle oof nbe Part F; a Ruler thus laid 
will cut th bag rr dee aire: + So the diſtance 
H p, b p taken and meaſured upon-the Line of Chords, will- 
bes 2m $3 wi, and dluch eight will he Su have when 
I EY eſt. 


Proe, IX. 


Fhe Latitude of the Place, and the Deelination of the 
Sun , being given, to find what Alticude the Sun 
ſhall have at Six of the Clock, 


R finding of the Tri the PxojeRion, which 

will epſojee chiagnd the fo Propaſitions, you,mult 

uppoſe another eh Circle to be drawn.in the Projetti-- 
an from-Z to N, andthrough that Point where the Parallel of 
Declination x OR, and the Arxisof the World, or Hour-Cir- - 
cle of Six, P AS, docroſs each other. © The drawing of which - 
Azimuth Circle I purpoſely omitted, chiefly . becauſe the. 
Scheme in that place is more cumbred with Lines and Letters - 
then any c—_ thereof: But uy may well enough, tor - 
the folringof theſe two Pro agine it to be drawn, 
the Pole whereof is at *. bis Azimuth Cir ircle bei — 
ſed tobe drawn, you have the P ion two Triangles - 
like- » Which will per the Work of reſolving this - 
P . In one of which you have given = _ which - 
the omar of the Declination, and the P ndicular, 
which is the Complement of the Latitude, to find the Hypo- - 
tenuſe, which is the Complement of the Sun's Altitude requi- 
red. This aha an may be reſolved by the firſt Caſe afore- 
going. In-the other .T riangle there will be given the 
Hypotenuſe, 


12 Aſtronomical and 
Hypotenuſe, which is the Sun's Declination, and the Angle at 
the Baſe, which is the Latitude, to find the Perpendicular , 


which is the Sun's Altitude at Six a Clock : To find which 
this is 


The Analogie or Proportion. 


As the Radius 90 degr. isto the Sine of the Sun's Declinati- 
on 20degr. s 

So is the Sine of the Latitude 51 degr. 3o min. to the Sine of 
the Sun's Altitude at Six 15 degr. 30 min. 


To reſolve the Propoſition by the Proje@ion, 


Lay a Ruler upon the Point *, and that Point where the 
Parallel of Declination x ©, czefleth the Axis or Hour of 
Six 3 the Ruler thus laid will cut the Meridian Circle in the 
Point g. So O g, being meaſured upon the Chords, will give 
you 15 degr. 30 min. And ſuch Altitude will the Sun have at 
the Hour of Six in the Ltitude of 51 degr. 30 min. when he 
hath 20.degr. of Dechnation. 


* 


Pro?P. X, 


The Latitude of the Place and the Declination of the 
Sun being given, to find what Azimuth the Sun 
ſhall have at Six a Clock, 


Wir E two Triangles that were ſuppoſed in the laſt Pro- 
' poſition to wy cok upon the Projection will refolve 
this Propoſition alſo ; but ſeeing the Triangles are not drawn, 
but ſuppoſed, I will onely give you the Analogie, and then 
the way of working it upon the ProjeQion. | 


The Analogie or Proportion. 


As the Co-ſine of the Latitude 38 degr, 30 min. isto the Ra- 
dis go degr. | 


So 


Nanticall Propoſotions. IF3 

Sois the Co-tangent of the Sun's Declination 70 degr. tothe 

' Tangent of the Sun's Azimuth. counted from the North 
part of the Meridian 77 degr. 14 min. | 


To reſolve the Propoſition upon the ProjeGion, 


Lay. a Ruler to the Zenith-point Z , and upon the Point 
where the Parallel of Declination cuts the Hour-Circle, of 
Six3z the Ruler thus laid will cut the Meridian Circle in r:, So 
the diſtance r» O, being meaſured upon the Line of Chords , 
will contain 77 degr. 14 min. which is the Azimuth from the 
North part of the Meridian.—— The diftance N r, meaſured 
upon the Chords, will give you 12 degr. 46 min. which is the 
Azimuth from Eaſt or Weſt ——And rH, meaſured upon 
_ Chord, will contain 102 degr. 46 niin. his Azimuth from 
the South. 


Proe. XI, 


The Latitude of the Place, the Declination of the Sun, 
and the Sun's Altitude , being given, to find the 
Sun's Azimuth either from the Eaſt, North or Souch 


Points of the Horizon, | 


by the reſolving of a Right-angled Aporieal Tria gle: 
This and ſome others following require the reſolving of an 
Oblique-angled Friangle: for their Solution. So this Pro- 
ion is performed: upon the Oblique-angled Triangle 
E-P, which inthe Projection is conſtituted by the Inter- 
ſcion of P ES, an Hour-Circle, ZE N, an Azimuth Circle; 
and ZH N.O, the Meridian : and the Arches of theſe Cir- 
cles interſeRing each other in the Points Z, E, and P, do make 
the Triangle ; E P35 in which you: have' given the tlirce 


A L the foregoing Propoſitions have been performed 


Sides, (1.) Z P, the Complement ha Latitude 38 degr. 


30 min. 
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30 min. ofthe Place, (2.)PE, TID" nc Sun's 
Dectnation bomb 210 dar. 3. of the 
Sun's Altitude 78 d.to he Hoke "£2 LP, hf may be re-. 
ſolved b the 31 .Caſe of Oblique-angled Sphericall Triangles. 
Bur his being to reſolve 2 parrkates Propofition, I ſhall give 


another Analogie or Proportion whereby to work. it by the 


Canon. 
Adde all the three Sides together into one Sum, and take 
the half thereof, from which half Sum ſubtrat the Side P E, 


noting the difference, as here you ſee done. - 


 ..- | 
| TheSi P E--—TI0---00 
E —— —J8——00: 


The Sum 226— 


5 
The half-Sum-113——1 I5 


The difference between the half Sum and P EG 5. 


Having found the Sum, the half Sum, and the difference , 
you may work by the following 

Amalogie or. Proportion. 
COA As ——— ito the Co-fine of: the Altitude 


78 
So is the C of the Latitude 38 degr. 30 min.. tothe Sine- 
| of af amber which is37 degr. reg 


3; 
« 54 min. Unto 
, half that Sum ſhall be the Slnz of 


Nenticall Projofidions. uy 
To reſolve this Problewe by the Projedtion. 
That which is moſt intricate and difficult tg perform by 
is by ProjeQtion effefted with the ſame eaſe as 4 

of the reſt. As inthis Propoſition, it is the Angle E Z 
which is required. — —-Lay a Ruler upon the Zenith-point 
Z, andto the Point G, tpon the H ; the Ruler chus 
laid will cut the Meridian Circle in the Point g. So the di- 
ſtance 8 O, taken in your Compaſſes and meafared up- 
on your Line of Chords, wilt be formd wenn 1466p. 
which is the Sun's Azimeth from O, the North part of the Me- 
ridian. But if you meaſure che diftance between the 
and H, it will contain 34 degr. which is the Azinnith from 
, the South part of the Meridi Andif you meaſure 
the diſtance g N upon your Chord-Line, you find that 
to contain 56 - and ſo much & the Sun's Azimuth from 
A, the Eaſt and Weſt Points of the Horizon. 


This Example of finding the Azimuth was takew whon the 
Sun had 20 degr. of South Detlination. 1 will now farther 
exemplifie this Propoſition by finding the Azimmnth when the Sun 
hath North Declination. — As let the Latitude be as before 51d. 
30 win. the 8m s Mititnde 12 degy. aud the Declination 20 d. 


Towork this by the Catwn of Sines co yeronn mg 
the former, for the Analogie or Proporrion is general in afl 


Upon the Projeftiva iris reſolved ( the fame” way, 


way 
yet another Trizngte, namely, the Z P 4,in 
Nh ahren Cn. 7 Þ, ihe Conement of the Larirade 
38d. 30min, (2.) Za, the ent of the Altitude 
78 degr. (3.) the Complement of the Stin's Declination 
North 70 degr. and you are to find the Angle P Z «, the Sun's 
Azimuth from the North. 

Q 2 


Lay 
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| Lay aRuler upon Z unto the Point &, it will cut the Meri- 
dian Circle in the Point -3 the diſtance s O, being taken in 
your Compaſſes and applied to your Line of Chords , will 
there give you.72 degr. 52 m. And ſuch is the Sun's Azimuth 
from the North. 


If you ſubtra# this Azimuth from the North 72 degr. 52 m. 
from 180 degr. the remainer 107 degr. 8 min. will give you' the 
Azimuth from the Soxth., which upon the Proje@ion is the di- 
ftence s H.— And if from this Azimuth from the South 107 d. 
8 min. you take 90 degr. the remainer 17 degr. 8 min. is. the 
Azimuth from the Eaſt or Weſt, which in the Proje@ion is the di- 
fPance Ns. | 


Pxoep, XU.-- 


The Latitude of the Place, the Sun's Declination, and 
the Sun's Altizude, being given, to find the Hour of 
the Day. 


$HI1S Propofition is performed by the reſolving of the 

Oblique-angled Sphericall Triangle Z P 2, compoſed 

of ZP. an Archof the Meridian, Z a,'an Arch of an Azi- 

muth Circle, and of Pa, the Arch of an Hour-Circle: In 

which you haye given (as in the laſt Propoſition) the three 

Sides, to- find the AngteZ P «, which you may doe by the 
11, Caſe of Oblique Sphericall Triangles. 

To refolveshis Propoſition by the Canon 3 Adde the three 
Sides together, and from the half Sum ef them ſubtra& the 
Complement of the Sug's Altitude, and note the difference, as 
you ſec here done. x 


The 


I17 
| d. m. 

Z P, the Complement of the Latitude—38—30 

The Side 5 £Z a, the Complement of the Altitude—78—o00 
P 2, the Complement of the Declination-70—00 


The Sum4+— 185—30 


—_ oo oc 


The half Sum—93—15 


The difference between, the half Sum and Z %2 bs 
the Complement of the Alttude—— ST. 


Being thus prepared, you may reſolve the Propoſition by: 
the Canon of Sines, by this R _ 


- Analogie or Proportion, 
(1.) As the Radiww 90 degr. is tothe Co-ſine of the Sun's Al- 


titude 7 Br: | | 
'$o is the Co-fine of the Latitude 38 degr. 30 min. to a fourth. 

Sine, viz. 35 degr. 48 min. 

(2.) As this fourth Sine of 35 degr. 48 min. is to the Sine of 
the half Sum 93 degr. 15 min. | 

So isthe Sine of the Difference 15 degr.- 15 min. to another 
Sine, viz. to the Sine of 26 degr: 40 min. Llato which Sine 
if you adde the Sine of go degr. Gor Radius,) half that Sum 
ſhall be the Sine of an Arch , whoſe Complement -þcing 
doubledis the Hour fromthe Meridian 95 degr,; 52 ming 


To reſolve the Propoſition -by the ProjeFion. 


; , } v4 \ 4 atv 
In the Triangle Z P &, it is the Angle at Pthat is tobe foung.. 
Wherefore lay a Ruler from the Point P tathe Point a, and it 
will cut the Meridian Circle in # : Sothe Arch # ZX, being mea- 
ſuredupon-your Line of Chords,will be found tocontain 95 9. 
52 min. which is the Hour'from the Meridian; and the Arch 
£ £, being meaſured, will contain 84 degr. 8 min. which is the 
Q 3 Hour 


418  Afronomicall and - 
Hour from Midnight. Alſo the Arch #S, being meaſured upon 
the Chord, ner 1 5 degr. 52 min. theHout from Six. 

m. 


. hours m7. 

IE gg? 2 ( 6———23 

The ancls 4———08 x OB 5 ——36 
$ 0$-——52; ———2J 


To convert Degrees and Adinntes of the ZquinoTial into 
Howrs and Minutes of Time: Note that 15 Degreerof the Zqui- 
noTial make ene Hoxr of Tiaee, and one Degree 4 Minter of 
Time. Therefore divide the Degrees of the #quinoFidl by x5, 
the Buotient is Hoxrs 3 and multiph the _— by 4, and the 
Produ@ will be Minntes of Time. —— 80 the Hoxr from the Me- 
ridian being 95 degr. 52 min. divide 95.by 15, the & 
6 Hours, and 5 remaining, which 5 idly by 4, and it makes 
20 Mines of Time, and the 52 min. minutes of Time 
and more, þ wines. S0 that 95 "hs. 52 ain. of the 
EquinoTial do make-in Time 6 hours and almoſt 24 minutes. 


Proe, XII. 


The Dectination, Altirude, and Azimuth of the Sun, be- 
"ing given, 0'find the Hour of the Day, 


HE Triangte ZEP in the Projeftion reſolves this 
Problem : m which there is given (r.)E P, the Cotn- 
plement of the Sun's Dechnation 70 depgr. z (2.) the 
SideEZ, the Conghnan ot the Sun's Altitude 78 . and 
. the San's Azimuth from the N So 


Analogie er Propertion. 
As the Co-fine of the Declination 70 degr: is to the Sine of 


the Azimuth 146 degr. or 3 
$o is the Co-fine of the Aiette $6 degr to the Sine of the 


wy fromNoon 35 degr. 36 min. . 
| By. the Proje@ion. 


Lay a Ruler tothe Pole P, and upon the Point D is the X- 
uinottial 3 a Ruler thus laid will cut the Meridian Circle in e 5 
a_ diſtance way eng po apt upon —_ of Chords, 

will give you 35 36 min our from Noon, . which. 
in Time is-2 hours and 22 minutes. | 


Proe;. XIV; 
The Sun 'sDeclination, his Altitude, and the Hour from- 
Neon, being given, to find the Sun's da from: 


the North part of the Meridian... 
N the fame Triangle ZEP qu have given the Side. 
Fs>, the 4 on hare gin (1 $796 
the Side Z ry Sake dear ps Altitude 78 degr. 


AG .)the Avgle Z P E,the Hour from Noon 36 degr. 
That is, you have given (as before) two Sides Is a Hen 
etoone of them , to find the Angle Sls e to t 
other, which you may doe bythe. 8. Caſcof O ique Spheri- 


call Triangles; or by this 
Anilighver Propertin 
Azthe Codineof the Akitude 78 degr. is to the Sine of- the. 
Hour from Noon 36 degr. 35 min. 
So is the Co-fine of the Sun's Declination 70d. to the Sine of 
the Azimuth from the Nerth part of the Meridian 146 degr- 
or 34 degr: from the South. . 


By: 


. Yn, 
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By the ProjeGion.- 


Lay a'Ruler to Z, and upon the Point G, which will cut the 
Meridian Circle in g : So g H, being meaſured upon your Line 
of Chords, will befound to contain 34 degr.' the Azimuth 
from the South part of the Meridian, which being taken from 
180degr. the remainer will be 146 degr. equal to the Arch 
2 O, the Azimuth from the North part of the Meridian. 


| Pro $ XV : | | 

The Aour from Noon, the Latitude of the Place, and 
the Alritude of the Sun, being given, to find the An- 
gle of the Sun's Poſition. 


N the Oblique-angled Sphericall Triangle Z PE you have 
given) the Side Z P., the Latitude, Z E,the Complement of 
the Sun's Altitude, and*Z PÞ E, the Hour from Noon, to fin& 
the Angle ZE P, which is the Angle of the Sun's Poſition at 
thetime of the Queſtion : Sointhe Triangle ZPE you have 
two Sides, with an Angle oppoſite to one of them, given, to 
 findthe hee po to the other Side, which you may find 
theils TEE Oblique-angled Spherieall Triangles: For 
whic Is | | 


The. Analogie or Proportion. 

As the Co-ſine of the Sun's Altitude 78 degr. isto the Sine of 
the Hour from Noon 35 degr. 36 min, | 

So is the Co-fine of the Latitude 38 degr. 30 min. to the Sine 
of the Angle of the Sun's Poſition at the time of theQue- 


ſtion 21 degr. 45 min. 
By the. ProjeGion. 


This is the moſt troubleſome Propoſition that we have yet 
met 
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met withall to be reſolved by the Projetion 3 and yet it isalſo 
thereby eafily reſolved in this manner. 

Take in your Compaſles go degr. of your Chordsz then 
lay a Ruler upon Y, (the Pole of the Hour-Circle P E S,) 
andthe angular Point E 3 it being fo laid will cut the Meridian 
Circle inv. Then ſet godegr. of your Line of Chords from v 
to x upon the Meridian Circle, and the Ruler laid from, Y 
to x will cut the Hour-Cucle PES inthe Point y. 

Again, lay a Ruler to ©, (the Pole of the Azimuth Circle 
LEN,) Un to theangular PointE 3 it being ſo laid will cut 
the Meridian Circle in the Point M. Set godegr. from Mto z 
upon the Meridian Circle, and lay a Ruler upon © and z 5 it 
will cut the Azimuth Circle ( it being continued without the 
Meridian Circle ) in the Point 9. 

Laſtly, Lay a Ruler tothe angular Point E, and this Point 
4, it will cutthe Meridian Circle in 3; alſo lay a Ruler from 
Eto , it will cut the. Meridian ma. Thediſtance 9 a, being 
taken in the Compaſies-and meaſured upon your Line of 
Chords, will contain 21 degr. 45 min. and that is the quanti- 
ty of the enquired Angle ZE P, which is the Angle of the 
Sun's Poſition at the time of the Queſtion. 


Proe, XVI, 


The Sur?s Altitude, bis Declination, and Azimuth from 
the North, being given, to find the Latitude. 


N- the former Triangle ZE P, let there begiven. (1.) EZ, 
the Complement of the Sun's Altitude 78 degr. (2.) EP, 
e Co cpanriy of the Sun's PERL Or TI 
from the North-pole) 119degr. (3. eEZP. the 
Azimuth from CN nk ® ook nn Pool find 
the Angle of the Sun's Poſition, Z E P, which had, the Side 
ZE, the Complement of the Latitude, may be found by this 
Sp Analogie 
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Analogie or Proportion. 


As the Sine of the Sun's Azimuth 146 degr. ( or 34 degr. ) is 
-, the _ of the Sun's diſtance from the North-pole 1 10 d. 
or 70 degr.) 
So 1s the Sine of the Angle ofthe Sun's Poſition 21 degr. 45 m. 
to the Complement of the Latitade 32'degr. 30 min. 
By the ProjeTion.. 

It being the Side Z P that is required, foraſmuch as that is 
an Arch of the Meridian Circle, you have no more to doe but 
to take the diſtance T P in your Compaſles, and meaſure it up- 
on- your Line of Chordsz which being done, you will find it 
will contain 38 degr. 30 m. the Complement of the Latitude, 
_ taken from 90 degr. leaves 51 degr.. 30 tu. the Latitude 
it (elf, Aids 


By the Solution of the foregoing Propoſitions, both by Trigono- 
metricall Calculation by the Canons of Sines and Taxgents, and 
«js by the Proje&ing of the Sphere , you may eaſt diſcern 
the facility of the one above the other, namely, that of Projeti- 
an foraſmuch #s thoſe Propoſitions which by Calculation are 
moſt troubleſome, are by the ProjeFive way moſs eaſte.— For, 
here is no need of letting fall Perpendiculars to reduce the 0b- 
lique Triangle into two Right-angled Triangles, and ſo making of 
two works for ſolving of one Problem. Beſides, the Projefion 
renders every Triangle ſo naturally to the eye, that they are re- 
ſolved (4 it were) by laoking on them. — — Many more Exam- 


ples I might have given upen this one Projeion , but I ſee the 
Scheme grow too. fullof Lines and Letters, that makes me here 
break, off. And now I will ſhew how the ingenious young Sea- 
wan may apply theſe Propoſitions to his uſe at Sea, 


The 


The foregoing 


PROPOSITIONS 


applied to PraQtice : 


By which the Ingenious young Sea-man may make 
them ſerviceable to him ar Sea, to ſeverall good and 
uſefull Purpoſes, 


The Seventh ExeRcise. 


— — 


F the foregoing Altronomicall Propoſitions 
> the ingenions Sea-man may make good and 

profiteble uſe at Sea. For ſome of them will 
\ be aſſiſtent to him in the finding of the Lati- 
W tude of the Place he is in.——Some of them 
will help him fo find the time of the Sun's 
riſing and ſetting in any place, and at any 
| time of the Tear..——Some will help him to 
. the Hour of the Day, — Some to the Hour of the Night, at any 
time and in any place. — And divers of them to find the Varia- 
.tion of the Compaſs. Examples of all which 1 will inſtance 
in, ſo that he may put them in praGiee at Sea. 
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I. Pro- 
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js 6 Propofetions aſſiftent to find the Latitude. 


HE Propoſitions which may be applied to the finding 
: of the Latitede are the Firſt and the Sixteenth. 


e firſt Propoſition is to find The Sun's Declination , which 
being obtained, and the Sun's Aferidian Altitude obſerved at 
Sea or Land in any part of the World , the Latitxde of that 
Place, by help of them, may 'be known; in which there are 
ſeverall Caſes, according as the Sun hath either North or South 
Declination, and as the Swx is ſituate, he being either upon'the 
North or South-ſede of the Meridian. _—The ſeverall Varie- 
ties are theſe which follow. 

The Meridian Alti- 


| "SOUTH-ſide ofthe) {*, *2ken from 

hh "y go degr. leaves the 

When th2 Sun 1s an Mera , Elevation of the 
the of q vinothial,ha- Nort b-po h. 

ving no Declination,* The Meridian Abi. 


and the MAeridian 
— is obſerved |} NOR TH-fide of the —— —_ 
ts, | IT / Elevation of the 
. Somth-pole. 
It the Meridian Altitude be leſs then 90d. and the Sun. 
T upon the (_ of the Meridian 3 the Sun's Decli- 
= 4 nation,being taken from the Meridian Altitude, leaves 
2 ) the height of the #quino#izl, which taken from 90 d. 
| I. gives the Latitade North. 
$ Ifthe Meridien Akitade be leſs then go d.. and the Sun 
upon the South-ſide of the Aeridian, adde the Meridi- 
= ) a Altitade and Dectination together ; their Sum is the 
E height of the XqninoFial, which taken from go degr. 
leaves the L atitzde North. But if the Sumof the De- 
clination and Altitude exceed 9o degr. take go degr. 
therefrom, the remalner is the Latitude South. 


| 


When the Sun's Dechaation is 


When 


applied to Naiticall Praffices | A oa 


It the Meridian Altitade be leſs then go d. and the Sun 
\ upon the North-ſide of the Meridian, adde the Alti- 


« [E \ rude and Declination together 3 their Sym-is the height 
3 |O4 of the ZquineGial, which taken from: 90d. leaves 
I |< / the Latitnde South. —But if the Sum be above 99 d.. 
5 take go d. therefrom, the remainer' is the Latitade 
E 4 North. | 
> If the Meridiar Altitude be leſs then 90 d. andthe Sun 
S | \ upon the North-ſide of the Aderidien, ſubtract the De- 
E clination from the Meridian Altitude 3. the remaincr 


is the height of the Zquino@ial, which taken from 
90 degr. leaves the Latitude Sonth. | 


When the (NORTH, Tf the Meridien Altitnde be juſt (North, -- 
Sun's Dech.. go degr. the Sur's Declinations,. 
uation 15 SOUTH, South. 


If the A/fridian Ahtitxde be obſerved under. the Pole, within 
the bounds of the Peler Circles, in ſuch caſe the Sun's Decli- 
nation muſt be taken from go degr. and: what remains is his- 
diſtance from the Pole; which being-added- to the Meridia. 
Akitnde, the Sum is the Latitade of the; Place, 


The other Propoſition which will be afliſtent to find the La- 
titude is the Sixteenth. - If you (et your Compeſe to the given. 
Azimuth, and when the Sun is upon that Azizexth, if you take 
his height, you wy find your Letitxde either by Trigonometri- 
call Calculation or by Projedlion. ' As in the Sixtcenth Propo-- 


is the Latitude 


__- 


R 3 .- M..Pro- 
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II. Propoſetions aſſiſtent to find the time of the 
\ Sun's riling and ſetting. 


f hy E principal Propoſition for this purpoſe is the Se- 
cond, whuch is to find the Aſtenſionall Difference, from 
which the time of the Sxx's riſing and ſetting, the Semidinrnall 
and SeminoGurnall Arches, may be gathered 3 and from thence 
the length of the Dey and Night all hich are plainly ſhew- 
ed inthe Propoſition it{elf. 


ITI. Propofetions afſiftent to find the Hour of 
the Day and N ight. 


T HE Twefth and Thirteenth Propoſitions will be ſer- 
viceable te find the Hour of the Day. The Twelfth 
giving the Hour at any time of the Day by the Work of that 

ropoſition it ſelf. The Thirteenth findeth the Hewr upon 
2a given Azimnth and Altitude. Wherefore ſer your Compals 
to the given Azimmh, and obſerve his Altitude when he 
cometh upon that Azimmtb; the Sun's Declination ( or time of 
the year) being known you may then find the Hoxr by the 
Work of the Thirteenth Propoſition. 


The Propoſition 'that will be affiſtent to you in finding the 
Hoxr of the Night is chiefly the Sixth, it ſhewing how to find 
the Sun's right Aſcenſion, which, with the afitſtence of thoſe 
other Tables which follow that Propoſition, will help. you to 
the Horry of the Night, and alſo to find at what time any of the 
Stars there inſerted in the Table will be upon the Meridian. 
The manner how to<cfic& cither ſhall be ſhewed in theſe two 
following Problems. 


PrRoBL. 


apphed to Nauticall.Proffices. | 127 


Pros. FL, 


How to find at what time anyof the Stars in the Table of 
the Sixth Propoſition will be upon the Meridian. 


Ubſtrat the Right Aſcenſion of the Sun from the Kight 4/- 
g cenſron of the ys remainer is the time of : RY, 
coming to the Meridianafterneon. - Bur if the right 4/cenſiow 
of the Star be leſs then' the" Right Aſcenſion of the Sam, adde 
360 degr. thereto', and ſubſtraQtthe Right 4/cenſiom: of the 
Sun from the Sum," 'and the Remainer is the time 'of the 8tar's 

Examplt. Upon' the fourth of 0Zober1667, the: Sun being 
in 21.degr. of Libra, I would know-at what time $rins (or the 
Great Dog )\willbe tipoti the Aderddiaen; \i bh nh wa | 


The Right Afcenſion- of Sirius 19 —————— —g7—27 
. Fhe Right Aſcenſion of 'the 'Iux'that day is ————-199—23 
| Becauſe Subſtration cannot be made, added 
* 360 4ctsthe Right Aſtenfon dfrheiSrmy... 777130000 
ke -— > >The Sunn ————457—27 
The&w's Right Aſcenſion ſubltratted from) . 
458 degr. 4 min. 'leavesthetime of the þ 258—04- 
Star's coming to the Meridian td — — 
Which 258 degr. 4 min. being converted into Time make 
17 hours almoſt, that is} at 5'of the'Clockithe next, Morning: 
Sirixs will be uponthe Meridian. © © - 


front wn ine 
ProgBL. IU. 


To find the Hour of the Night ” of the Stars that 
are inthe Table of the Sixth. Propoſition, 


A K E the Altitude of the Star, and by his. Declination 

and Altitude find the Hour(by the Twelfth Propoſition) 

as if it: Tent the Sun, which * Ts the. Hor {4 Sos, _ 

comparing the Right Aſcen Saw W © Rig Aſcen- 

Jon the Star, =— © to find the Howr of the Night. 
Uponthe 16. day of res, pp the Morning, 
look the Abitade of 4rd, Find itto be 27 degr. 12 m. 
and his Declination (by the Table) Ifind tobe20 degr. 58 m. 
By help of theſe twoand the L&ijade I find the Star's Hoxr to 
be.72 - - Then compare; the Saw's' Right Aſcenſion with 
the Star's Right Aſeen ans Caninad God his time of coming to the 
Meridian, as 1n rmer Probl. the difference between the 
Star s Hoxr and his tothe Meridian is the Howr of the 
Nieht. - Seethe mayner of the NS: 
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, 4, wm 

' The Kight of drfluone—: 210—13 
The 4 of the & 242—00 
= Ade rowake tux ——360-00 

Co The, Port” - -$70—13 

The Sun” 5 Right A ſabC ele 28—13 
From which take 180 degr.. or, 12 hqurs—180—00 
LIE 3 

The Star's Hour ſubſtrated 72—00 
Leaves the Howr of the Night 76—13 


Which converted into Time is 5 h. 5 m.and that is the Hour 
in the Morning. IV Pro- 
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IV. Propoſttions Pen to the finding of the 


Variation of the 


HE Propoſitions that will be ſerviceable herein arethe 

| 3-7.8.9. 10. 11, and 14. but more eſpecially the Third 

and the Eleventh : and thoſe I ſhall here illuſtrate by Exam- 
ple, though all the reſt (as occaſion may fall out) will be allo 
thereunto. By the Third Propoſition you may find 

- the Amplitude of the Sun's Riſing and Setting. By the 
Eleventh you may find the Azimuth ar any time of the day.— 
By either of which the Variation of the Compaſi may be found; 
and alſo which way it varieth. A 


I. 7o find the Variation by the Amplitude, © 


B” the Third Propoſition you found the Sun's Amplitude at 
| te Fo Jong 2950 393 degr. 20-min.'' from; the trae 
, Eaſt or Weſt Points Horizon towards the North. Having 
thus before-hand found the tude," in the ing F ſet 
my Compaſi tothie Sun at his Riſing3 and if 'I find thar;the Sun 
by my Compaſs do riſe 33 d. 20 m.fromthe Feſt-point thereof 
towards the North, then may I be aſcertain'd my Conpaſt 
hath no Yariatien, but that the Fly or Fires do point direQly 
'North and Soxth.- But finding before-hand the Amplitude 
tobe 33 d. 20 m. andI ſhoald find the Sun to riſe but 28 degr. 
from the E2ſt-point of my Compaſs, then ſubltratting 28 degr. 
from 33 degr. 20 min. the difference is 5 degr. 20 min. and ſo 
much doth my Compaſ? varie from the true Eoſ#-point,and con- ' 
ſequently all the other Points of the Compaſs as much. 

to find which way the Compeſs varicth , you. muſt ob- 
ſerve whether your Amplitude, found by your Calculation, be 
to the Right or Left-hand of the _ riſing or ſetting. _ 

| 
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if it be on the Right-band, you may conclude the Yariation to 
be Eafterly ; but if on the LR-band, #efterly 2 
. As for Examplez Finding, by'1 that the Sun 
ſhouldrife 33 d. 20 min. from the Zeſt Northerly, when I come 
to ſet my Compaſs to the Sun! at hisrifzg, I find that the Sun 
riſeth but 28 degr.from the Eft Northerly 3 wherefore the Ane- 
plitude found is on the Left-bend, and ſo I conclude the Yarie- 
tion tobe 5 d. 20 min. Weſterly. 


Il. Zo find the Variation by the Azimuth. 


Qieror the Sun's Azimnbfound by the Eleventh Propoſii- 
onto be 107 degr. 3o min. from the North, and when. [ ſet 
the Compeſe I find the Megneticall Azimuth to be 152, the dit- 
ference cen the trxe and the Aagneticall Azimuth being 
5 d. 30 m. which is the Variation. 

Now.-to know whether this Yeriatien be towards the Eaſt 
or towards the eſt - ſeeing by the Azimuth found the Sun 
fhould have been 207d. 30 min, from the North ,. which is 
17 degr. 30 min.. from the Zeft; but ſetting of the Sr with 
my Compeſe, I and that it was from the Eaft to the Sowthward 


onely 12 degr. ſo that the upon which the Sun ſhould | 


bave been was more towards the Kight-hand then the Degree 
on which it was. therefore I conclude the Yariation to be 


5 degr. 3© min. Eafterly. 
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PROPOSITIONS.. 


 GEOGRAPHICALL. 


Shewing how the Diſtance of any two Places upon the. 
_ Terreſtriall Globe may be found, both by Trigono-1 
metricall Calculation and Geometricall Projection. 


_—_— 


The Eighth Exenrciss. 


— 


Efore 1 come to (hew how the Diſtances of 
laces ere to be fone #por the Terreſtri- 
all Globe, it will be- neceſſary, firſ#, to de+ 
ſeribe'unto you the manner how any two Pla- 
ces, whoſe Longitudes and Latitudes are 
given, way be laid down upon the Projetti- 
| on. Whevefore in the Scherne, the outward 
10 4, 04 Circle thereof, N.& & #, repreſents the firſt 
Meridian, paſſing over the Iſlands of Azores , from whence the 
Ancients did begin their account of Longitude , becauſe ( ſay 
ſome ) the Compaſs hath there no Variation, ———The Line #'z 
is the —_ £ which the Longitude i conmed from 
the firſt Meridian. —The Circles N E'8,NR8,NCS8, and D'S, 
are Circles of Longitude' paſſing over ſeveral Places. ——— The - 
keſſer Circles E, C, D, «nd Y, are Circles or Parallels of mn 
' S 2 _ 


1z2 Propoſitions Geograpbicall. 
——The Points *, *, *, &&c. are ſeverall Places whoſe diſtance we 
are to find by the followi Propoſitions. —And:the Points ©,0,0, 
Sec." the Poles of the ihe bf great Circles which paſt are 
the reſpe&sve Places whoſe diſtance is te-he found. 


And here note, That the Circles of Longitude in this Pro- 
jeQion are the ſame as the Azimuth Circles in the formey Pro- 
jeftion 3 andthe Centres and Poles of them are found in the 
ſame manner. Likew'ſe & the Pa of -Lanntude in this 
Scheme are the ſame wit Paraltels or-Circles of Altitude 
in the former Projettion, and their Centres are fornd in the 
Same manner as is before ,. inthe Deſcription of that Projection, 
preſtribed 3 and therefore it ſhall here need no more Precepts for its 
Delineation, but we will proceed to the Propoſitions whie, "ſhew 
bow to find the Diſtance of Places. 


Pro, I, 


' Two Places which differ onely in Laniude, to EE therr 
Diſtance, .- 


N this Pro SEES Aa = ABC. KEN 
1, If the Places lie under oncand thin ted, 
and on one and the ſame Side of. the. either on 
the North or Seth Side thexeof,. then. «F the "leſſes Lati- 
tude from the greater 4 and-the Difterenc Tate 
Atiles ( by allowing 62 Aire taviDErry dos you the 


Example. Loudew and Ribedia lie rod nd dd Abe, 
namely-of 20 degr. of-Longitnde 5 but they differ in Latitude, 
for.Loxdew hath ms 30min..ghd Ribedie hath Latitude 43 d. 
bath North; the difference of kathude is © degr. 30 m. which 
being turned into Miles makes 510:miles. - 

"20 UT thetws'Pliceshrvader one and the ſame Sieridiew, 


but 


-_ 


p .- 


= ”—_ 


but one on the North, -and tdelonts $0wh-fide of the 
AquimoGial, adde both. T7 the Sum is- 
the Diſtance. 


Dangle. London ind the ind e# Dacunhu Vie "_ 


under 60c-Aderidie#; but Londow HM \ Jo min. North 
34 fo err 


Latitude, and the Wand hath' 
is 85 degr. 30 min.. which coimerted im Mes (by — 
= e. 


whe © - ant, Minute wh; 
_— po ſuch ing for every Minute ne Mile 


Ifand Trifle Dacunhs, 

” _ the diflence of theſe Places wpon the Proje@ion. 
that they all lie, under one Meridian, — ,NEG 
the Pale dare? a Dothen lay a Rederea and E,it 

one Meridian in a5allo a Ruler laid from K to G will 
cut the Mefidianin b : the 5,meaſiired uponthe Line 
of Chords, will give8 degri.3 min. the Diſtence of Londow 
RED, "rd at fink ance between London 

hi fa Ruler from K ro, 
n 10 4,(asbtto i from K to H, 
in'e ; the-Diltanc 2 c, being mea- 


cotitaih '85 degr. 30 m. 
the Diſta po Jars) clind, which in Miles 


- 


f _ - 1 
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\ >PROP. I... : +. 
Two i which 4 er onely in Longirade, to find their 


fr Men - atitade : inthis.Caſe the difference of their Lon- 
fade (63 belefithen Bo uced into Miles is their 
. _ Iago ther Gree exceed a png. ns it out 
of 360 degr. the re ces turned into Miles will be 
_ Ditavref the two — ky ag 

le, The Iſland 8umatre andthe Iiland of 8. Thomas lic 


AY} REF ace all For 
= Fm len y lie ES EEquineJial , 


oth ak the Bp the Iſland of. 5. Thome having 
y d. 10 m. of candthe l{land Swwatre 137 d. 10m. 
he lefler Longitude ke fram the greater leaves 104 dom. 


which 


a? 


Geograpbicall Propoſitions. 
which converted into Miles is 6240. And that is the Diſtance: 
of the two Ilands. 


3 


QC 


* TY 
__— 
on” 


2. Bit if the two Places differ onely in Longitude; and The- 

, nat under the Zquino@44), but under ſome other intermediate 
Parallel of Latitude, between the ZquinoFial and one of the 
Poles, then to find their Diſtance, this is £ 
T7 . 


. Fe p 
- "" mire 4 . 
a = 
: p4 _ 
| IF 
= 


G 
>. * 


ng6 = Proptime Graphical. 


The Analogie or Proportion. 


Asthe Radius 90 depr. is tothe Co-ſine of:the common Lati- 


tude 47 degr. 


So is the Sine of half the difference of Longitude 21d. 37 m. 
to the Sine of half wer — 15 degr. 38 m. 


Solet Cans Places Ld 
poſtells, bath lying inthe L 


inLongitude43 degr. '15 min. 'S 


ding to the former 


CFE 


Analogie-will be foundco be 31 degr.16 m. 


_ and Com- 
they differ 


Diſtance accor- 


- hich;-converted ine Mes fs 1876 miles; which, is the Di- 
eerthetwo. 


| / ſtance! berwi 
T ofind ShoDjfice of theſ# 


| b— = It 66 big 


SE FP) 
e 1s 4 


EET in 
the Re Matidien in ine: 
ſured upon the Line of- 


. T5 ifin. Wherefore through the 
ie Abchbfa ora. Circle, "and find 


Fl 


roD 


Cities hes and Compoſtella. 
* Phaces aponthe ProjfeFion. 
are'.nated with the 
5 of os but 
A = 
I Ss. 5 bthat A 


y taug ht at the 


at Go Point 


* cut the firſt 


, It will cut 


between d and e, mea- 
"will be found to contain 


31degr. 16 min. which, converted into Males, rn 1876, 


:the Diſtance as before. 


PrOP. 
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Proe, II, 


Two Places differing both in Longitude and Latitude 
being propoſed, to find their Diſtance, 


HE ma are three "= contained in this Propoſiti- 
on. For 
1, One of the Placts n oy he under the ZEquinotial, and 
have no Latitmde 5” and the other under, ſome Parallel of La- 
titade, betweew' the ZquinoZial and one of the Poles. For 
——_— the Diſtance of Places that are ſo fituate, this is 


The Andlogie or Proportion. 


Asthe Radius go degr.” is to the Co-ſine of the difference of 
Longitude 76 eg. + 50 min. 
$0 ienttiCs the Latitude given 30 degr. 30 min. to 
© the Dilagce 1p requied $2. 54 min. 
«ag of 8.Thome, ly- 
Wn Aq Fan df Pr rn ger ny Io m. and 
London under the {Parallel of 51d. 30o.m. of North Latitude, 
ivg 20 degr. of Longitude;-their Diſtance by the former 
Proportion. be to be 52 degr. 41 min. which, con- 
verted into Miles, gives append miles fortheir Diſtance. 


By the ProjeFion. 


The two Places upon the ProjeQtion are repreſented by the 
Letters A and E. The Point A lying under the XquinoGial, and 
in 33 degr. 10 min. of Longitud reſents the Iſland of 
- 8. Thoma; and the Point E, —_— arallel of 91d. 30 m. 
North, and in Gy Ry 20 degr. repreſents Lowdon. 
Through the two Places A and E ( according to former Dire- 
Qions ) draw an Arch of a great omen and find the Pole 
thereof, which will be at the Point L. _ Rulerlaidto L and 


the 
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the Point E will cut the firſt Meridianin #3 and the Ruler 
being laid from L'to A will cut the firſt Meridian in f: the Di- 
ſtance # f, being meaſured upon the Line of Chords , will 
be found to contain 52 degr. 41 min. as before, which mn 
Miles is 3161, AIKEN 


& 


2. If boththe Places propoſed. ſhall be wittione the Aqws 
nofT7ich, but on ce HHS both towards or nw 
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ths towards the South, the finding af their Diſtance is by 
t 


Analogie or Proportion. 

(t.) As theRadius go degr. is to the Co-line of the diftc- 
rence of 44 depr. 

Solz the Tangent of 38 degr. 30 min. ta 2 fourth Tangeot 
28 degr. 55 min, which taken from the Complement of 
the Lat. of Jerzſalem 58 degr. 20 min. leaves 29 d. 25 m. 

| (2) Asthe Co-ſineot the ond Taps 61 degs, 35 min. 

isto the Co-fine of 60 _ 

Sois the Co-ſine of the >. 4 of ongont- z9degr, 30 min. 
to the Co-ſine of the Diſtance 51;degr.'g = 


So the two Places propounded being Londes, lying in Nerth 
Latitude 51 depr. '30 = and Longitu ray he r,.and the 
other, Jervſe eſalfzs, Wer ts. North Lagitude 41 degr- 40 min. 
and Longi yo may bad chair Diſt ance. by the \ 


foregoing pore to be 38 degr. 51 min. which in Miles 
makes 2331. 


By. the Projetion: 


The't Io Places in the .Projettion are repreſents? by the 
Letters Eand F, E being London, F Jernſalems through 
which Points draw-the Arch of a great Circle, and find its 
Pole : the Circle (in this Example) comes fo near a right Line, 


that TI have ſodrawait;” and therefore his Pole is little / :- 


within the outward Circle, viz. at P. Wherefore lay a Rnler 
to P andE, it will cut the firſt Meridian in gz and being laid 
from P to F, it will cut the Meridian in 5 : the Diſtance g 6, 
being meaſured uponthe Line of Chords, will be found eo con- 
tain 38 degr. 51 min. and in Miles 2331, -as before. 


The two Places propounded may be ſo ſituate, that one 
of ice may lie on the North, and the other on the &oxth-(ide 
of the Zquine7ial. For finding the Diſtance of ſuch Places 
follow this T 2 Ana- 


o 
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2 Analogie or Proportion. he ts, 
(1.) As the Radius go depgr. is tothe Ca-fine of the difference 
of Longitude 40 4 | L 
- Sois the "our o of the greater Latitude 50d: to'the Tan- 


gent of a fourth Arch 37 d.- 10m. which being ſubltracted 
out of the other Latitude, and 90 d. added thereto ; ſay; 


ORE 
©) »t Copmnicf he ang yadegr go min. 
Soiethe: phrae ymoary 


n: 50. « 
tothe of the Diſtance 40 degr.. which taken-from 
18odegr. A OAT delta ue forthe To of the. 


ITS. RaTerarer 
ths Plates propotinded oe en God: 
lying in the Latitudeof. 40 degr. goof Longitude Inge | 
and. the other Place a, in 26 degr.. of, North La- 
 - titude, and in 180 degr. of Lyons may find their. Di- 


ſtance! by the foregoing Analogie to be 140 which, con- 
verted into Ft Cong ſuch is deg. which of the 
two Places. 

By the ProjeTion. 

In-the Projedion the two Places are repreſented by the Let- 
ters T and V ; the Letter V repreſenting the Cape of Good hope, 
and T Malibri rigo. Now Malibrige having 180 degr.of Longt- 
rude, (which is juſt half the Circumference of the #quinod71al, 
and is as far remote ag any Place can be from the fir Meridi- 
an; for if you were toprojett any Place having above 180 d. 
Longitude, ( as ſuppole 230 degy. ) you mult ſubſtract ſuch 
Longitude from 360 degr. and project the remainerz ſo 
230 degr. being taken from 36c degr..leaves 130 degy. which 
muſt be projected inſtead of 230 degr. and by this means 
itisthat Melbrigo is projeted upon the outermoſt Circle or 
firſt Meridian) 

Through theſe two Points T and V draw the Arch of a grear 
Circle,T V X, and find its Pole at R:.then a Ruler laid at R and 
the Point V will cut the firſt Meridian in k, and Th, being 
meaſured upon your Line of Chords, will be found to contain 
14a d. and that ts theix Diſtance, which in: Miles maketh 8400. 


Theſe are all the Varieties of Poſitions of Places wpon the 
Terreſtriall Globe 3 for vo. two Places ( xi Diſtance can be 


re- 


142 Propufitions Geographical.” 
autre ſad, but they armed 
the Varknicecomdend 7 ya /ors Fa an 

note that this way: of finding the Diſtance of Places is the have 
—————— _ —_ IOrtger 
CErnrn finding ec nNCES #De. INCERIOB? MAY" to Cir- 
cular of all other waies the moſs perfe@ : Wo 2a 

leave to the induſtrious Sea-man find ont himſelf, wigs 
ſent him with ſamething of that hind : in the mean time let him 
- of Oy Tub” CESSES an this which 


1-190) 


The Dodrine of Ly 
RIG HT-LINED FRIANGLES 
applied to-Prattice | ny oy 


Ky. 1 # 2 


NAVIGATION: 


þ 1 4. Agar iaeB 


Sundry Nauticall Queſtions are relabved: hd; many 
Problems of Sailing, both by the Phinand Merca- 
tor's Chart, performed by Protraion; by C alculati- 
9n, andalſo wrought upon the Chart Hal 


m—_ 


——— 


The Ninth Es: RCISE. 


pn CIT i tm, 


StcTion J:: 


= "A Efore IF come to the Reſolving of ſuch Problems: 


[== 
MP; Viz 2 4s cipally appertain to Navigation , which 
Mi £ DY ah rg tro ngitude, Latitude, Rhumb 
yy Diſtance3 F hall he ſhew how - Solution of 


ES Fae far 


& plain Dittetks. ar be we. 
. 4+ Di 
rs wag euerall/Nau 


144 Nautical Queſtions. 
pon 


Te contrivance. 


rofitable, and 
ce others of bis 


QuesTion I. 

There are two Ships ſet ſail from the Port A, the one ſaileth di- 
rely North 24 Cente a or 4 Leagues and © parts of a 
Leagne, end the Eaſt 32: Cemteſws, (or 6 
Leaguesz ) IT demand how the two $ _ one from 
the other, and alſo "non they are af - 


_ RAW ati ht Line A B, and upon A raiſe the Perp 


dicular A C: let the Point A rxepreſent the Port 
ence the two Ships fer ſai}: then , becauſe the firſt Ship 


OO 


. 
2. 


TuſoJuo) +7 


A 


32 Cen/e/ms . 


ad 24 Centeſms North, from a Scale of parts take 
29 Gn . and ſet them from AtoC ſo ſhall Cbe the place 
the firſt Ship. Then, becauſe the other —— 


Nanticall. Queſtions. 45 
* Eaſt, which is a Quadrant or Quarter ofthe: aſ&diſtane 
from the North, therefore the Angle at A mult be a right 
Angle: And becauſe the ſecond Ship failed Eaſt 32 Cent. take 
32 Cent. from the ſame Line of equal parts, and ſet them 
upon-the Line A B, from A unto Bz ſo ſhall B be theplace of 
the ſecand Ship. + tt SODOMY: 
Now firſt, To know how theſe two. Ships bear ane from! a- 
nother, Draw the Line C B, and meaſure the Quantity ofthe 
—_ 2t B, which you ſball find to be 33 cegr- 45 min, which 
is three Points from the Weſt No , thatis the N.W., 
by Welt Point of the Compaſs3 and ſo doth'the ſecond Ship 
B bear fromthe Ship C.—— Fn. yo find the. quantity 
of the Angle at C, which you ſhall-find tobe 56/degr. 15 m. 
which is five Points from the South Eaſterly, that is theS. E. 
by Eaſt Point of the Compaſs3-;and fo. Yo the two oo 
| on wen ME APE 9 Diſtarice that - wa 
1ps are from: each r;- Fake in pour Chmpaſles the -dt-+ 
ſtance between B arid C, whichmeaſure upon: your Scale of 
equal parts, and you ſhall find it tocontain 40 Centeſms or 8 
Leagues 3 and fo far aſunder are the two Ships B and C. 


The Bearing of the Ships one from the other is found by 
_ firſt Caſe of Right-angled plain Triangles by this Ana- 
ogie. ds 
As the Diſtance that the firſt Ship ſailed is taghe Diſtance that 

the ſecond Ship failed; _ ' nn 
$o is the Radius to the Tangent of the 'Angle thay the firſt 

Ship bears to the ſecond, The Complement whereof is 

the bearing of the ſecond Ship to the firſt 


The Diſtance of the Ships from each other is fountl by the 
ſeventh Caſe, by the wrath Analogie. © Having found the 
Angle C, the bearing of the firlt Ship from tle ſecond, ſay, 


As the Bearing of the firſt Ship is. to the Diſtance that the ſe- 
cond ip ſailed; | Y $0 


LS 
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50 % th. Backs 19/bo Diſlne of th ro Sip, 


Que s$T, II. 


" at A diſcovers an Iſland at C , lying from- her direfly 
, but ſh ſle from 4 towards 3 32 Cent. or-6 $ Leagues 
South 3- bug her 7 coming to ſome. miſchance , 
irs proces be made of it, ſhe again at B iſcovers the 
ſame Iſlind, and ſails an wn known Point of 
nes ayes af 9 ; end touches mpon it , Ski Je 
- et ow dna wee who le of eco 
Bio C, ar off the 1 
ee Eden is was firſt. "OR uy 


W. a Line CA, repreſenting/a Line of Eaſt: and 
Weſt, and pod Aero Peepenticolar A B, and from / 
AtoBſrof ray; ena Leagues, 'the diſtance that-the 
Ship failed from Ao B. Then take out of your Scale of equal. 
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Ha 109 ors es, the diſtance that the Ship ſailed 
om Bto the Iſland 3 and ſetting one foot of the es 


=, croſngrde Eaſt and WeſtLine infos C the place | 
e | | :fos Ct 
em feſt; toifodu what PolataF ths Compuls oh 
ow firſt, to find upon what [Point of the 4 -the 
Ship ſailed from B to the land, you muſt find the quantity 
ating Cretan.) and youll Gud ev. comme 93 egy 
tra t, to 33 degr. 
45 min. which is Points from the North Eafterly, 'that 
is N. E. by N. andupon that Point did the Ship ſail trom B 
tothe Ifland at C.- , to know how fat the Und C 
wasfrom A, where it was firſt diſcovered, Take in your Com- 
es the | of the Line A C, and meaſureit upon your 
e3 {o you find that to contain CCES a> Senetes2 
and ſo far diſtant was the Iſland from A. 


The Point of the Compaſs that the Ship failed upon from 
Bto C may be found by the ſecond Cale of Right-angled plain 


Triangles, by this Analogie. 6 

Acthe Dian which the Ship failed fronj Bro Cs to the 

$o isthe Diſtance ſailed between A and B to the Co-ſine of - 
the Point that the Ship'failed upon from B to G. | 


The Diſtance that the Ship was from the Iſland, -when firſt 
diſcovered, may be found by the fifth Caſe of Right-angled 
lam Triangles, by the following Analogie. 
I, _ Diſtancethat the Ship ſailed from B toC is to the 
adius 3 | 
So is the Diſtancethat the Ship failed from A to B to the bear- 
ing of_the Iſland from B. 
(2. om Radius is to the Diſtance that the Ship ſailed from 
toBz 
So is the Sine of the Rhamb that the Ship ſailed upon from B 
toC to the Diſtance of the Ifland from A. TREE 
V 2 QUEST. 


14 ag | Nowical ſion 


"Que: $ To Ih. - 


There are two Porge ub Acid B, which: <e.d; #63 Le 
and lie direQly North and South of each ot m. 225k 
two. Ships \ſet "9 eons boy the Part C + the F- at B ſails 
away. upou a South-W. by;Santh Point; and the Ship at A ſails 
_ Weſd.—1 demiand ham many Leagues either of the 
s had ſailed when t ele the Port C, awd wah hew the 
Port did + 264 rt T8 Bi xTEo997 


RAW an Lheb þ, adm i iis off 92 Cen 
teſims, / or eagues. , Now. becauſe the Ship, at B 
T0030 W.by . Cant, which, is es Points from: the 


P, 


HS; \ 
£5: TY 


32.'\Cen e/ms » - 344 _ 


Tank tary, therefore upon the Point B protratt an An- 
pct 3 degr. 45 min. and draw the Line B C.———Then, 
at the Ship at A ſteered a Weſterly Courſe, which: is 4 
Quarter from the North, upon the Point A protratan Angle 
0 
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of 'godegr. and drawthe Line, A C, cutting-the former. Line. 
BC inC. Now to know how many Leagues each Ship 
failed, take in your Compaſles the length of the Line B C, and . 
meaſuring it upon your Scale, you ſhall find it to.contain cight: 
Leagues 5. ſo many did the Ship that- came from B (ail. 
Alſo take the length of the Line A Cin your Compalles, and 
meaſuring that upon your Scale, ik wilf be Gomad to contain 
24 Centelm. or 47 Leagues; and ſo-much did the Ship chat 
came-from A fail. Now to know how the Port at C did 
bear from that at B, find the quantity-of the Angle at C , 
which you {ball find tobe 56 degr. 15 min. that is, five Points 
fromthe Eaſt Northerly, namely,. N. E..by N..and ſodid the. 
Port C bear. from B.. 


The finding of the Diſtance that each. Ship ſailed may be 
done by the third Caſe of Right-angled plain Triangles by. 
this-Analogie... 

As the Diſtance of the two Ports A and Bis to the bearing of 

the Port C from B; 

Sois the Sine of theR humb that the Ship ſailed upan from B 

to C to the Diſtance that the Ship ſailed from Ato C; 

And ſo isthe Radius tothe number of Leagues that the Ship - 

ſailed from B to C. 


QuesT, IV. 


A-Ship at C diſcovers 4 Point of Land at A bearing from her. 
8. $8. E. but ſhe ſhapes a Courſe E. by S. and ſails away 8 
Leagues to B, andat B ſhe diſcovers the ſame Point of Land 
bearing from ber WS. WW. I demand how far the Ship was 
from Land being at.C and B. 


R AW a Line CB containing 40 Cent:or 2 Leagueg,and . 
upon C protraCt' an Nagle of 56 degr. . 15 min, -or five. 
Points, which is the difference the Point of Land did bear 
V 3 from 
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from the Ship being at C, and the Point upon which he ſailed 
from C to B ; and draw a t Line —_— — 
the Point B protrat an Angle of 33 i 
the —_ of 4m pert 


Now to fi bow far re Ghip: -was from Land GERDAL 
meaſure the Line CA-upon your Scale of parts, and 

you ſhall find it tocontain 24-Centeſms, or 4 xy Leagues: and 
£ faraves the Shi fromethe Land, when the was at C. Alfo 
meaſure the length of-the-Line B A ,. and you ſhall find that 
0 contain 32-Cent. or 6.3 Leagues : and ſo far fromLand was 
«the Ship being at B. 


— Ts by the Canon of a Table 
O you may doe itby the fourth Caſe of Right-angled 
Triangles, by this Analogie. 

As the Radius is tothe Diſtance that the Ship ſailed from C 


toBz 
80 is the Bearing of the Ship, beingat C, to her Diſtance 


from-Land, being at 


The Bearing of the Sip, ſhe being at B, to her Diſtance 
from. at 'C. 


Quxzsr. V. 


4 Ship being at A diſcovers two other Ships at C and B ; the 
Ship at @ bears from her dire@ly Ex 9 Eaff and the other Ship at 
B bears frowhe) direth South. Ship at A_ſails direl@ly 
South 32 Cent. to B, ed, fteers away npon an wn- 
known Courſe to C 40 Cent. or 8 Leagues. —T1 demand 
what Point 1 EL RE alſo how far C 
u% diſtant from 4. 


Draw 


_——— 
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R AW a right Line A B, forthe: bearing of #he Ship B 
from the Ship A, which was dire&- South. Allo: from 

A draw another Line A C, for the bearing of: the Ship-C from 
the Ship A, which was direaly-Eaſt. Now becauſe between 
the South and the Eaſt is. 90 degr. or one Quarter of the 
Eompaks, therefore upon the: Point A ama an Angle of. 
o degr. drawing the Lines A C and AB at-right Angles.. 
his done, take 32 Cent: out of yous Scale of equal parts,.. 
which is the diſtance that the Ship ſailed South from--A to B.. 


"Then take fromthe ſame Scale 40 Cent. . which is the diſtance . 


that the —_ from Bto Cupon an unknown Point. . And- 
with this dif ſetting one foot of the Compaſles in B, with . 
the other deſcribe an Ss Archot a Circle w#v, cutting . 
the Line AC in the Point C, and draw the Line C B..-Now 
to find upon what Point of the apo np Ship- failed from 
Bto C, find the quantity ob the Angle at B, which you ſhalt 
find to contain 33 degr,45 min. that is three Points from the 
North Eaſterly, namely, N. E. by N..and upon that Point did 
the Ship ſail ifrom- B to C.-—Then to find how far Cis diſtans: 
from A; Take the Line C A in your Compaſles, and meaſuring 
it upon your Scale, you ſhall find it to contain 24 Cent. or 45; 
Leagues 7 and fo fariis C diſtant from A.. 


The Point upon which the Shipſailed from Bro C. may: be 
found by the ſecond Caſe of Right-angled Triangles, by this - 
Analogie. . 

As the Diſtanee . thatthe Ship failed from B to C is tothe Ra-- 
dius ; 

Sois the Diſtance that the Ship» ſailed frem A to-B to the.Co-. 
fine of. the Rhumb from the Meridian. - 


Then for the Diſtance of C' from A- 


As the Radius is. tothe Diſtance that the Ship. failed from-B 
to C3., * 
So 
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'So is the Rhumb from the Meridian that the Ship failed upon 


from Bto'C to the Diſtance of -C A. 


Que sT. VT. 


Two Flands at d and C are diſcovered by a Ship at B, the Iſland 
A bears from the Ship at B N.N. W.and the Iſland atC bears 
N. by E. fromB3 the Ship being at B ſails away N. N.IW. to 

the Iſland A, and having ſailed 32 Cent. tonches upon the 

Iſland, and being there findes that 'the Iſland C bears from 

the Iſland 4 E.N. E.——T demand how far the Ship at B 

was from the Iſland:C , and alſo how far the two Iſland: 

were aſunder. | 


RAW aLineAB, andupon it ſet 32"Cent. which is 

the Diſtance that the Ship ſailed from B to the Ifland at 

A. And becauſe the Iſland A did bear from B N. N. W. and 

the Iflnd at-C N. by E. which are three Points, 'or 33 degr. 

45 min. aſtander, upon the PointB protra@ an _ of 33d. 

25 min. and'draw'the Line B C.—T hen becauſe the I{hnd at 

C bears from-the Kland at A E. N. E. which is cight 

Points, or 9odegr. from N. N. W. upon the Point A pro- 

trat an Angle of 90 degr. and draw the Line AC, cutting 
the LineBC in C. . 

Now to find the Diſtance of the Ship being at B from the 
Iſland C, take the Line C B in your Compaſles, and applying | 
it toyour Scale, yon ſhall find it to contain 40 Cent. or 
Leagues; and fo far was the-Ship atB from the Iſland at C. 
And to find the Diſtance of the Iflands one from the- other, 
take CA in your Compaſles, and meafure it upon your Scale, 
you ſhall find it to contain 24 Cent. or 4 # Leagues ; and fo far 
diſtant were the I{lands one from the other. 


The Diſtance from A to C may be found by :the ſixth Caſe 
of Right-angled plain Triapgles, by this Analogie. 


As 


_— 
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| As the Co-ſine of the Rhbumb that the Ship failed upon 
fromBto A is to the Diſtance that the Ship ſailed from B 
toAz | 
So isthe Radius to the Diſtance of the Ship at B from the 
Ifland at C. 


Then for the Diſtance of the two Illands, by the fourth 
Caſe ſay, S 


As the Radius is to the Diſtance CB ; 

So isthe Sine of the Difference between the bearing of the 
two / Wat from B to the. Diſtance of the two Itlands C 
and A, 


QuesT, VII, 


Two Ships ſet out from one and the ſame Port A; the Ship C 
ſails 24 Cent. or 4 4 Leagues direFly Eaſt, and the Ship B ſails 
away 32 Cent. or 6 ; Leagues direfly South. When they 
_ _ ſailed, T demand how far the two Ships are from 
each other. 


[DD AW a rightLine A B, and ſet off upon it 32 Cent. 


the Diſtance that the Ship failed from A-to B South. 
— Then becauſe the other Ship failed diredly Eaſt, which is 
go degr. from the South, upon the Point A erect. the Perpen- 
dicular A C, and upon it ſet off 24 Cent. or 4 t Leagues from 
Ato C, which was the Diſtance the other Ship Ged Eaſt. 
— —— Then draw the Line CB, which being taken in your 
Compaſſes, and meaſured upon your Scale, will be found to 
contain 49 Cent. or 8 Leagues. Andſo-far are the two Ships 
from each ather. | 


This Diſtanize, by. the ſeventh Caſe of Right-angled plain 
Triangles, found 'by this Prat Fare or! Þ 


(1.) As the Diſtance that the Ship ſailed from A to B isto the 
Diſtance that the Ship ſailed from A to C3.” 
X 


So 
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So is the Radius tothe Tangent of the Angle at B. 


(2.) As the Sine of the Angle at B is to. the Diſtance C A 3, 
So1s the Radius to the Diſtance CB. 


QuesT, VIII. 


Two Ships ſet ſail from the Port at K:; the one ſails 3 ris 
Leagues wpon the S.W. Point towards M, the other ſails 
8 Leagues wpor the Weſt Point towards L.——t demand how 
many Leagues the Ships at M and L are- aſunder, and alſo 
_ the Ship at M bears from the Port K, and the other 
Ship at L. 


RAW aright Line K LE, and by help of your Scale 
I ſet off upon it 8 Leagues, the Diſtance that the Ship 
ed from K to L upon the Weſt-Point. Then becauſe the 
ether Ship ſailed 3 ,zz Leagues. from K towards M_ upon. the 


. or 4. Points from the Welt , 


therefore upon the Point K protrat-an Angle of 45 degr. 
and draw the Line K M, ſetting off upon it from K to M 
3 3 Leagues, the Diſtance that the Ship ſailed from K to M, 
and draw the Line ML.. 


Now 
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Now to know, Firſt, how far diſtant the Ships at M and L 
are from each other, take in your Compaſſes the length of 
the Line M L, which applie to your Scale, and you hall find 
itto contain 6 ,$3 es.—And, Secondly, to find how the 
_— M bears from the PortK and the other Ship at L, you 
find the quantity of the Angle at M, which you will find 
to be 112 degr. 3c min. that is, eleven Points. Now becauſe 
the Courſe from K to M was S. W. therefore the Ship at M 
bears from the PorttK N.E. And ſeeing that the Angle at 
Mis 112 degr. 30 min. or <leven Points 3 therefore eleven 
Points counted from the N, E. Point is the Bearing of the 
Ship at M from that at L, which is W. N. W. 
he Diſtance of the Ships Mand L may be found by the 
fifth Caſe of Oblique-angled plain Triangles; and the Bear- 
ings by the ſecond Caſe. 


QuesrT. IX. 


There are three Ships, K, L, and M: the Ship K is diſtant from the 
Ship L 8 Leagnes;, the Ship at L is diſtant from that at M 
6 $4 Leagnesz and the Ship at M is diſtant from that at K 3,3; 
Leagues; and they lie direGly North and South. —I demand 
how the Ship at Mbears to that at L, and how that at L bears 


to that at K. 


Leagues, and ſet them thereon fromK to L, for the Di- 

ance of the Ships at K and L. Thentake 3 ,zz Leagues, the 
Diſtance of the oe ps K and M, out of your Scales. and ſetting 
one foot of the Compaſles in K, with the other deſcribe the 
obſcure Arch of a Circle oo. Again, take 6 ,4z Leagues from 
your Scale, which is the Diſtance that the Ship L was from 
the Ship M 3 and ſetting one foot of the Compaſles in L, with 


the other deſcribe the obſcure Arch of a Circle # #, cr 
K 2 the 


Dies a right Line, and out 'of your Scale take 8 
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the former Archin the Point M. Then draw the Lines M K 
and ML ; fo have youtheir true Poſitions. 

Now to find their Bearing one from another ; foraſmuch as 
the Ships M and K did lie North and South'of each other, find 
the quantity of the Angle at M, which is 112 degr. 30 min. 
that is, eleven Points from the South Eaſtward, ( or 3 Points 
from the Eaſt Northward, ) either of which will be the N.E. 
by E. Point: and fo doth the Ship M bear from that at K. And 
for the Bearing of that at K from that at L, finde the quantity 
of the Angle at L, which will be 22 degr. 3o min. or two 
Points 3 ſo two Points from the S. W. by W.Point Southward 
1sS. W. by S. and fo doth the Ship L bear to that at K. 


The Bearings of the Ships from each other may be found 
by the third Caſe of Oblique-angled plain Triangles, by the 
Analogic in that Caſe ſet down. 


Of Sailing by the 
Plain Sea-Charrt. 


SECTION I). 


3 110 NG Sea-men there are Three principal 
waies of Sailing, woſt in Uſe and Pradtice : 
Two whereof Sc Revtilineal » performed by 
8 Right Lines, the Third 3s Sphericall or Cir- 
cular , performed by Arches of great Cir- 
cles of the Sphere. 

Of the Tws ff the one is called Plain Sal- 
hog, or, Sailing by the Plain-Sea-Charr. - 
' The other is calted Mercator's Sailing, or, Sailing þy Merca- 
tor's Chart. | 

Theſe two Charts are both of them compoſed of Right Lines, 
get differ both zz their Conſtruction and Uſe, though. not” (0 
amch in their Uſe as in their making or compolition.. 

The Plain Sea-Chart confifteth of Meridians and Parallels.,. 
-which are drawn in all parts equal from the AquinoGtial toward: 
either of the Poles 3 which is erroneoms, as hereafter ſhall be diſ- 
covered. | 


=—& -. Mercator:s: 


T53 The Making ofthePlainSea-Chart. 

Mercatos's Chart hath the Degrees of Longitude in 
Parallebof Latitude equal to thoſe in the Xquinottial, = 
Plain- Chart hath : But the Degrees of Latitude do increaſe 
more and more ( as they grow nearer the Poles) in ſuch a Pro- 
portion a5 every Parallel of Longitude doth decreaſe. 

The way of 8ailing by the Plain Sea-Chart is much innſe, nay 
too much, conſidering the Errours that it kads Sea-men into 3 
though they are not ſo eafily diſcovered in ſhort as in long Vot- 
ages, nor .in places near the AquinoQial as thoſe nearer the 
Poles. But, I ſuppoſe, it is more uſed, for the eaſe there is in 
ProjeCting of this Chart, wore then in that of Mercator's : other- 
wiſe 1 know not why that ſhonld be ſo #s it is embraced , and the 
other ( I meax that of Mexcator's _) ſo much neglefed; which 
comes ſo near to the Spherical way of Sailing, that there is an 
inſenſible difference between them. But T ſhall bring them face 
to face, that the ingenious Sea-man may ſee their Difference, and 
thereby abandon Errour, and embrace the Truth. Forin the fol- 
lowing Problems I ſhall perform the ſame thing by both Charts, 
by which the Errours way more palpably be diſcovered. And to 
retain the Method which E:have obſerved in all the f 
EXERCISES, 7 /ball-fhew how theſe Nauticall fats 
axay be Trigonometrically performed by the Tables of =, 
rithms, a»d Canons of Artificial Sines exd Tangents. And to 
gin this Exerciſe, #he firſt thing that I ſhall propoſe unto you is 
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Sea-Chart may be made either general, or particular. A 
General Sea-Chart is that whos Degrene of Latitude pro- 
ceed from the AquinoGial to either Pole , which in the com- 
mon Sea-Chart may be done 3 but it will be egregioufly falſe, as 
the Degrees of Latitude grow nearer the Pole, as I have al- 
ready declared. A Particular Sea-Chart is ſuch a one as is 


made properly for one particular Navigetion © . as if your 
whole 
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whole Navigation were not to excced the Latitude of 43 and 
60 degr. of Lettude , and not to differ in Loxgitade above 
8 degrees. 

Now to proje@ or make ſuch a Chart; Firſt,draw a right Line 
A B, repreſenting the Aferidien, and cro(s it at right Angles 
in the Point A with another right Line A D, repreſenting the 
Paralkl of your lealt Latitade , namely , of 48 degr. — —- 
Secondly, conſider what Diſtance you will have your Paru/els 

Longitude and Latitude to be, (for in this Cheyt they are 
both equal,) whether an Inch, 2, 3, or 4 Inches, ( for the lar- 
ger the better.) But inthis ExampleT have made them one- 
ly half an Inch. I take therefore half an Inch out of an exact 
Scale,and run it up upon the Aeridiav Line A B, from A to 49, 
from 49 to-50, from 50 to 51, &e. till I come to my greateſt 
Latitede, which is here ſuppoſed tobe 60 degr.—— Thirdly, 
run the ſame Diſtarice of half an Inch from A towards D, upon 
the Line A D,etght times, becauſe the Difference of Longitude 
in your whole Navigetion will not exceed 8 degrees. 
Fourthly, draw the Line CD, parallel to-A B, and B C, par- 
allel- to A D, and run the ſame Diſtances upon the Line B C 
avare upon the Line A D, and the ſame upon C D as are upon 
the Line A B.. -Fifthly , from each Degree of Latitude 
inthe Line A B draw to the like Degree of Latitnde in the 
Line CD a right Line, as 49,493 504503 51,513 52,523&c.. 
till you have drawn all your Parallels of Eatitrde. —Sixthly, 
for your Meridiens, they are to be drawn in like manner as 
were the Petalels of Latitude, all of them equidifſtant, and par- 
allel to your firſt Meridian A B, as the Lines 1, 13 2, 25 3, 33 
= And by this means have. you the Meridians and Parallels 

rawn. 

The d Diviſions, or whole Degrees, being thus fet upon 
your files, we _= come to ſub-divide them. And for the 
dividing of the Degrees of the AZquizoTial! at the top and 
bottom of your Chart, let each of them be divided into 5 or 
Ioparts, and each of thoſe parts. ſub-divided into» 5 or 10 


more 
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more leſs parts, according as Quantity will perniit 3 for eve- 
ry one of them is ſuppoſed to be divided into 100 or 1000 

arts. x 

F For the dividing of the Degrees of Latitude; they may be di- 
vided as thoſe of Longitude were, into 100 parts. But ſome- 
times each Degree is ſubdivided into 60 AMrnutes, or Engliſh 
Miles, or into 20 Leqgues..— Now I havedivided the Degrees 
of Latitude in this Charteach of them into 5 -parts, by which 
means it is capable of the N»meration either by Miles, Leagues, 
.Centeſms, or 100 parts ———For if you count by 60 minutes, 
.or tiles, then every of thoſe Diviſions will be 12' mcixutes, or 
miles; if by 20 Leagzes , then every Diviſion. will contain 
4 Leagnes ; and if by Centeſms or 100 parts, then every of 
them 1s 20 Centeſms. And thus much concerning the Making 
or ProjeFTing of this Chart. I now come toſhew 
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H E Problems that are to be reſolved by (or upon) the 
| Sea-Chart are chiefly ſuch as concern Longitude, Lati- 
tude, Rhumb or Conrſe, and Diſtence. | 
Longitude is the Diſtance of a Place from ſome known Meri- 
dian to that Place, and is alwaies counted upon the XquinoGQial, 
Latitude is the Diſtance of any Place from the none, 
counted upon that Meridian Cucle which paſſeth over that Place. 
Rhumb or Courſe is the Angle that a Ship in his Sailing 
makes with the Meridian, and is diſcovered in the general by 
the Magneticall Needle, which alwaies reſpe&eth the North 3 
and ( Hough not direly, yet ) its Variation being often obſerved, 


and the Chart re#ified thereby, ( as Thave before ſhewed how it 
may be done by ſeverall means ) is the beſt help that Navigators 
get have to ſteer their Courſe by. 


Diſtance #s the number of Leagues, Miles, or Centeſms, that 
any Ship hath ſailed. 


Raiſing 
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Raiſing of the Pole 5s when # Ship ſails from « leſler to 4 
greater Latitude. 
Ic q__ of the Pole is ſailing from a greater to 4 leſſer 
ti 
Theſe Terms thus _ I will proceed. to Prattice, 
as followeth. | 


ProBLt, I. 


How zo” fet any Place upon your Chart according to its 
| Longitude and 7 lt 


F the two Places no vadipadegalche fav Didaſhc dif- 
fering not at all in Latitude, bur onely in EG then 
the Courſe leading from the one tothe other is iretly Eaſt 
or Weſt. - As E and Fare two Places lying under the Par- 
allel of 50 degr. of Latitude, and differ bn Conginide 5: deg. 
— to aRulertos + degr. both atthe top and bottom of the 
-and where the Ruler crofleth the Parallel of 50 degr. 
war, _—_ gre ap ny ya So E and 
in50 of Latitude, and differ in Longitude 5 ;degr, 
Butif the two Places to be ſer the CY 
inLatitude, and lie under the ſame Meridian as G F, then the 
Courſe leading from the one to the other is dire] North ot: 
- South, and the Difference of Latitude of F and G is 2 degr. 
G lying in the Latitude of 48 degr. and F inthe Latitude of 


+ pe” the Places to be ſet upon the. Chart differ both 
in Longitude and. Latitude, as A andF, then the Courſe lea- 
ding from the one to the other is upon ſome other Point ofthe 
Compal, s, ſo far diſtant from the Meridian as is the quanti- 
Ro which. mq—_ _ that 

4 wy . oint 2 31 min. 
This Angle may be aw ye. wk og ly by your. 
Line of Chards of nay be pronateby your. ProtreFing 
Quadrant, 


: _— "I : _ «eB : _ dts 
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Bredrant,which in all theſe Operations upon the Chart is beſt, 
for that it avoids the 
drawing of Arches of 
Circles upon your Chart 
or Blank. So then if you 
were to protract the 
Angle E A F by your 
ProtraTing Quadrant + 
Lay the Centre A of 
your Quadrant upon the 

oint A 1n your Chart, 
and the Meridian Line 
of the Quadrant A B 
npon the Meridian Line 

your Chart 3 then will 
| the Line A C of the 
Quadrant lie upon the Parallcl A D of your Chart: and the 
Angle that youare to protradt being 70 degr. 1 min. by the 
edge of your Quadrant make a ſmall Mark or Prick with your 
Needle, and from A through that Point draw a right Line, 
which will be the Line AF. 
 Andin the ſame manner as you ſet any. Place upon your 
Chart, you may find in what Latitudes and difference of Lon- 


gitude avy Places already ſet upan your Chart are in. 
PrRoBL, 11, 
Any Places being ſet upon the Chart, to find in what La- 


titndes they are, and alſo bow they differ in Longitude, 


ET the Points Q and R upon the Chart. be two Places , 
, and \lwould know. in what Latitudes they lie. Firſt , 


-—_ 


through the Point Q draw a Line parallel! ta the Line Þ C of 


Line 


Chartz and alſo the Point R. draw another 
parallel to AC, The Lj _ 


JMI 
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> rnereyoey ie Prkn 6 min. and the Line 
h R cutsthe Meridian of the Chart on either 
at os ada of 57 degr. 16 min. And under thoſe 
two Latitudes are the two Places Q-and R. 
Then to find their Difference Lange 5 Copa gene 
Compaſles the Diſtance between S, and meaſuring 
upon the bottom of the Chart, i will reach from A to 4 degr. 
24 min. And ſuch is the Difference of Longitude of the'two 
Places Q and R. 


Pros. Il. 


ving the Rhumb, and the Diflance that the Ship bath 
Je n that Rhumt, to find the Difference of Lon- 
e and Latitude. 


The Analogie or Proportion. 
As the Radiusis to the Diſtance run 3 | 
So isthe Sine of the EEmnreS ous: 


Sois the Co-ſine of, the Rhumb tothe Difference of Latitude, 


Sothe Rhumb r min. that isE. N. E. 2 
31 min. Eaſtetly, Fit cdiparnbors ak 
Evenee of Locgeate will be fonnd tobe 5 gn 7 
Difference of Latitude 2 degr. 


Uyou the Chart. | 
PON thePoint A an Angle of 70d. 3 m. as 
UI he nager 47, and draw the Line AF, which is the 
which the Ship ſailed. Upon this Line fet 11 7,the 
number of L Leagues thatthe Ship ſailed from Ato F. Then 
dents; ant fr parallel to A D. So 


be the Difference of Longitude, 5 d. and an balf, and 
AE m—————— 


ProBL. 


+ Problents of Siibig c 
Pp ROBL, IV, 


7 be Difference of Latitude and the Rbumb berng grunt , 
to find the Day, run and the Differ:nce of Lon- 
_ gitude. | 


= 


The Analegie or Proportion.. 


Asthe Co-fine of the Rhumb is to the Difference of Latitude 3 
So is the Radius to the ay" Tun : 

ry 
$0 isthe Sine of the Rhumb to the Difference of Longitude. 


So the one —— and the other 50 degr. 
the Difference is 2 d the R being E..N. E. 2 deg. 
22 OE « the bs Diſtance run will be foundto be 117 
Leagues, and the Difference of Longitude 5 x degr. 


Upon the Chart. 


E T the Difference of Latitude 2 degr, from AtoE, and 
draw the Line EF toAD. Then upon the Poine 
—_—_—_ te Angies he Rhumb 70 degr. 1 min. E: N;E. 
Eaſterly, and draw the Line A.F, cutting.the 
þ- 15s EF inF. Then taking in your Compaſles the 
length of the Line A F, and meaſuring it upon the fide of the 
Chart, you ſhall find itto contain 117 3 which is the number of 
Leagcathe Ship ſailed vAnithe Lib E F,belng fo mentored, 
will contain 5 & degr. the Difference of Longitude. 


L JAMAL 
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ProBL. V. 


Having the Difference of Longitude. anJ.the R bumb gi- 
ven, to find theDiſtance run anA Difference of Latina. | 


The Analogie. or Proportion. 
As the Sine of the Rhumb-/is ta the Difference of Longitude 3. 
Sois the Radius to the Diſtance run:. © 


Ang EA 
So is the Co-fine of the R humb to the Difference of Latitude. . 


So: the Rhumb being E.N-E.; 2.degr,,.31 min Eaſterly , 
and the-Difference of: I de 5 zdegr. the Diſtance run 
will be found tobe 117 Leagues, and; the Difference of. La- 
titude 2 degr. | 


UVpors the Chart; 


PON the Poiit A, protrat an Angle. of the Rhumb. 

| —_ I min. — TD AF. Then the 
Longitude being 5 2 degr. count 5 :degr. upon 
the bottom-of your Chart from A to G, and upon, the Poing 
G raiſe- a oy nay G F, cuttingithe.Line AF before 
drawninF. They the Line AF, being .meafured upon the 
Side of- your. Chart 5 will be found to contain 117 
the Diſtance run; And F G,there alſo meaſured; will be found 


tobe 2 degr- the Difference of Laticude.: 


T'3 PROBL. 
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PrxoBrt, VI, 


The LN that the Ship hath run, and the Difference 
titude, given, to find the Rhumb and Difference 


$ Longituae. 


| The Analogie or Proportion. 
As the Diſtance-run is to the Radius3 | 
So is the Difference of Latitude tothe Co-fine af the Rhumb: 


And 
'So is the Sine of. ws Wy to the nope 
So the diſtance run being ces, and the Difference 


of Laytude being 2 rom Ars be found to be E. 
N.E. 2d _ rly, and the Difference of Lon- 


gitude 5 + degrees 
Upon the Chart. 
\ET the Difference of Latitude/2 your Chart 


from A toE, and draw the Line to A B. 
out of the Side of Chet het Did 


117! Leagues3 and ſetting one foot of the 
Eg TAE rate: 


inF. Then FE, being the bottome of your 
:Chart, will contain- wry top. che ere roger fun po 
And by y rour Line of 


7 ofebe AngleE AF which will be Arg 0. doy wage I min. the 


E.N.E, Point 2 degr. 31 min, Eaſterly. 


PROBL., 


hal 


Pros. VII, 


The Diſtance that the Ship hath run, and the Difference 


of Longitude, being given, to find the Rhumb and 
Difference of Latitude. 


The Amalogie on Propention, 
As the Diſtance runis tothe Radius 
So is the Difference of Log to the Rhumb :- - 
nd 
So is the Co-ſine of the Rhumb to the Difference of Latirude.. 


Sothe Difference of Loogitude being 5 + degr. and the Di- 
ſtance that the Ship hath run 117 Leagues3 the Rhumb. wilt 
be found to be E. N.E. 2 degr. 31 min. Eaſterly, and the 
Difference of Latitude 2 degr. 


Upon the Chart 


NQUNT the Difference of Longitude upon the bot- 
tome of the Chart from A to G, anduponthe Point G 

ethe Perpendicular GF. Then take out of the Side of 
r Chartthe Diſtance ran ,/ 117 , and ſerting one 

Lock of the Compatles in A, with the x croſs the Perper- 
dicularF © in the Point F. Now if you take F'G id your. 
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| Compaſſes, and meaſureit on the Side of ye out Chart, you ſhall 


find jt to contain'2 degr, forthe Difference of Laritude 3 and 
the Angle E AF, meaſured by your Chord or Quadrant, 
will be *70 degr. 1 Gr eths . N!E. Point 2 d.31 m. 
Faſterly for the Rbumb. 


PRasBrL., 


PRroBL, VIIL, 


The Difference of Longitude and Difference of Latitude 
Arkh given, R's. the Rhumb and the Diſtance run, 


The Analogie or Proportion. 
A3 the Difference of Latitude is to the Radius 3 
'So is the Difference of Longitude to 8 Toageny of. (5o 
Rhumb: vl 
A 


As the Sine of the Rhumb isto the Difference of noni 
So is the Radius ar promo 


So.the Difference of Longitude beings # degr. and the 
Difference.of Latnude 2g the Rhumb will be found to 
min-Exſely, and the Diſtance upon 


be E.N. E. 2 
the Rhumb 117 


Upon the Chart. 


Cunt thFendarn ens toE, and 
draw the LineE F parallelto A D. Alſo count the Dif- 
ference of Longitude from A to G, and. upon the Point G 
che Pere IE OF, cpringt) the Line E F in the Point 
F. Thentake in y your Compaſs the ength of the Line AF, 
and meaſuring it upoathe Side of ra Eqgate ſhall find it - 
to contain 117 Leagues, the Diſtance that the Ship gi nk 
Andif by your Lineof Chords, or Quadrant, you find the 

the Angle EAF, it will bethe Rhumb , which 
you may find to be E.N. E. 2 degr. 31 mio. Eaſterly , or 
70 degr. 1 min. 


PROBL, 
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PxoBL IX. 


The Rbumb that a Ship bath ſailed upon, and the num- 
ber of Leagues ſbe hath failed upon that Rhumb, being 
given, to know how much fhe bots Taiſed or depreſſed 
the Pole. 


The Analogie or Propertion. 


As the Radius is to the Diſtance run z 
So is the Co-fine of the Rhumb from the Ncridian to the 
Difference of To Latitudes. 


So the Rhumb E. N. E. 2 degr. 31 min. Eaſterly, that 

. is, 70degr. 1 min. and the Diſtance rhar the Ship hath laled 
upon that Rhumb 117 Leagues, the Pale will befonnd to be 
raiſed 2 degr. 


Upon the Chart. TX 

PON the Point A, the lefſer Latitade , 
Angle of 7c degr. 1 mig. and ray the of the 
mb A F, and out of the Side of your Chart take 117 
Leagues, (the Diſtance the Ship r_ "them upon 
bumb from AtoF... Then h the Point F draw 

the Line E F parallel to AD; Meridian of your _ 


Chart in E, which is 2 from A: @ chat che bi 
riſed the ole 3 degrot. I 


PxoOBL, 


_ 


PrxoBL; X. 


The Longitude and Latitude of the Place from whence 
you came, with the. Rhumb and Diſtance ſailed, be- 


. Oe given, to find the Longitude and Latitude of the 


ace to whic JOu are come. 


t7o 


The Analogie or Proportion. 


As the Radiusis tothe Diſtance run3' - 
So isthe Sine of the Rhumb- from the Meridian to-the Diffe- 
rence of Longitude : 
And 
Soisthe Co-ſine of the Rhumb tothe Difference of Latitude. 


 Sothe Latitude of the Place from whence poi antioing 
52 degr.. and the Longitude 35 degr. the Rhumb.upon whi 
you have-ſailedN.E. by N. 33 degr. 45 min. and the Diſtance 
which you have ſailed Cooiochit Klorob 96 ri Leagues 3 you 
ſhall find the Difference of Longitude tobe 2.degr.. 40 min. 
and the Difference of Landes By So. that the Place to 
which youare come isin the Latitude of 56 degr. and inthe 
Longitude of 37 degr. 40 min- | 
; 2:46 Upon the Chart. 

"HE Place from RIC ng inthe Latizude 

of 52degr. and in the RE Ee NE 
fented by H. The Khumb you have ſailed upon >To 
by N. 33 degr. 45 min. upon the Point H protraQt an Angle of 
33 degr. 45 min. and draw the Line H.K for the Rhumb.. Then 
out of the' Side of your Chart take 96 ri Leagues, which is ſo 
much as the Ship Qiled, and ſet that upon the Rhumb-Line 
from.HtoK, and through the Point K. draw the Line K L 


byybe'PlainSea-Chart. wha 
eltoB C,( (ox perpenbane rtoAB,) and it willcut the 
ine AB in L. SoK being meaſured on the bottom of 
your Cha will be found to contain 2 - 40min. the DF- 
of Longitude 3 which added to 35 degr. the L 
you came from gives 37 degr. 40 min. for the 
arein. Alſo the Line HL, Like medhgid ok the Meg 
70 ny, will be found tocontain 4 degr. And ſach is the 
rence of Latitude, which addedto 52 degr. the Latitude 
from whence you came, gives 56 degr. Latitude in which 
you are. 


ProBL, XI. 


The Longitude and Latitude of the Place How FN 
© you came, the Rhumb uponwhich you ſailed, and the 
Latitude of the Place to which you are come, bei 
given , to find the PI and Difference of Lon- 


gitude.. 


The Analogie or Proportion. 
As the Difference of Latitude isto the Radius 3 
So is the Tangent of the Rhumb from the PET to. the 


Difference of A 
As the Sine of the Rhumb is to the Difference of Longitude 3 
So is the Radius tothe Diſtance run. : 


both Laine of the Plc rod hence p youcame being 
2 and the upon 
hike Fon ſailed the third corre} hy.» Meridian N, E. by N. 
2606p. 45 mins you on ſhall find the Diſtance run to be 96 
44 — Difference of Longitude 2 degr. 40 min. 


Z 2 Upox 


rate eB TE 


ou cans om, make 37 


oi Lo which you are, = 
hondgt ax Sqn Here 


ſhall bad ittocontain. 55h Loagnes. And ſo muct-harh the 
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ProBL, XII. 


The Latitude of two. Places, and the Nifference of Longi- 
tude between them, being known, to find what Rhumb 
leadeth from one:to.the othar, and ham many Leagues 
diſtant they are aſunder. 


The Anatogie or Proportion. 
As the Difference of Latitude is to the Radius ; 
n COT Op Tangent of the 


And 
4s the Sine of theRbumbis wake Difference ofLangiudes 
Sos the Radws the Diſtance of eaiPlncs, 


$0 


ocecooced 


PR———— 
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559 þ. 


by the Phine Se: - "WF: - 

oa 5 Let AIC end and 

Crd: the 30 min. and the Difference of. Longitude 

> Agents" fn gp res." 

Diſtance uponthe Rhumb. 6 3 dug. or 120 Leagues. 
Open the Chart. s 


FO N the Poinc of the c went 

LI min. __ nod paralletto A D; 
Line ſet 6 degr. the 

Places ( being taken Dilergr of boppnad of the Ly 


" er ka Ty How the Point M draw the Line to 4 _ 


hae pO a in the C 
ir os e Side ef he has wilt | 
taifi 6 x" or I Remy "Alf rfie-A - 
being meakurd by your d, or Protradting Quadrant , 
found to contain 67 degr. 23 min. AE Rhumb 
leading from one tothe othes, namely. ſhort of the E.N. E.. 
Point 7 degr. or, N. E. byE. Þ: age 3 min. Eaſterly. 


- 


Of Sailing by 


Mercators Chart. 


SeEcTIOn Ul. 
_ 


ProBL, TI. 


How to makg a Sea-Chart accerding to MERCATOR's 
Projeftion, by your Line of C bords, 


PON apiece of thick and ſmooth Paper (or Ta- 
> ther Paſt-board) draw a right Line, as A B, and 
B upon the Point A, with 60 degr. of your Line of 
hords, deſcribe. the Quadrant A CD , which 


as A 1o, 105 A20,20; A30,30; Ago, 40; &c. to- 
wards 90. till they touch the Line D F,—— Then with tg 


— 


Problenis of Sailing; &c. 75 
Compaſſes, one foot being placed in A, extend the other to 
AtchF Agaia, extend the Compalies. to:35 - 
in the Line F D, and keeping one footin' A, with So 
deſcribe 55 K ; fo ſhall the Point K be the Point of 55degr.. 


in the Line A B.— Alſo, extend the from A to 56 
inthe Line F D, and draw the Arch: 50, 50... Doe fo with 
EFF Þ oe. wo 
| | : 
| i of 
| A 
56 H. 
C. DI 
N% 
C 
of - 
þ : n b 
wX z | - 
| quinone LES 
A D431 _ -Y. 


45, 40, 35» &c.. till you come tothe beginning of the Degrees 
arD.. So ſhall theſe Arch-lines, by meeting with: the. Line - 
AB, divide that part of it D B into unequal parts; at 10,20, 
30; 40, 50, 60, and ſo forward.. But this. Figure is. ſufficient 


ple.. 
Now 


1756 Proline of Saiki 

Now from this Line A B, being thusunoqualiy-devideat;wou 
may divide the Meridian tine wa. Bow-Chatr onda 
Merentor's Projedtion ef any bignets, @tat t 
enero ogg of 


To divide the Meridian Line of a Sea-Chart, 

Sea-Chart, according to this Projetion, may be made 
A either General, or Particular. I call that a General Sea- 
Chart, whoſe Line E H, in the following Figure, repreſents 
the Aquinottial, as the Line EH there doth the Parallel of 
49 degr. and fo I will make the Chart gps contain all 


Latitudes'between 49 degr. and 37 degr. whole Difference of 
Longitude exceedeth not 8 degr. 

Now to projet ſuch a'Chant, having drawn the Line E F 
for the Meridian,” and oroffedit at right Angles with another 
Line repreſenting the PazalleLof 49 d. parallel thereto draw 
anather Line F G, repreſenting the Parallel of 57 degr. and 
another Meridian G H,, parallelitoFE. So ſhall you have 
made the Parallelogram E F'G H. | 

This done, conſider how far diftant you would have your 
C_ of Longitude upon the Xquinoctiateach from other, 
as luppoſe Confacia this Chart I have made them to be ) 
half anInch. Take half an Inch out of a Line of Inches, and 
ran that Diſtance along the Line E H from E to 1, from 1 to 2, 
from 2.t0 3, &c. And alſo doethe like upon the Line F G, at 
thetop ofthe Chart, drawing the Lines 2, 1; 2,2 33,33 Kc. 

Now for the Dividing of the Meridians EF andHG , re- 

air to the ing Figure, taking in your Compaſles the 
Diltance that is between Degree and Degree of the — 
= 
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"Qtial, which in our Example is half an Inch. With this. Di- 
| in the Point D, and 

e other deſcribe the Arch ww3 by the very Edge 
"whereof draw the Line A G: ſo is your prepared to 
divide the Meridian-line of a Sea-l whoſe Degrees of 
Longitude are half an Inch diſtant. bo 

Now: in reſpe& that your firſt Parallel of Latitude EH in 
your Chart is drawn for 49 degr. yournext Paralle! muſt be 
godegr, Wherefore ſet one foot of your Compaſſes upon 
50 degr. in the Line A B, and with the other take the neareſt 
Diſtance to the Line A G : that isdone by _— 
the Line 


_ you the Parallel of 50d. of Latitude. In like man- 
ger for the Parallel of 51 degr. Set one foot of the Compaſſes 


Diſtance ſet upon the Meridian of your Sea-Chart, on both 
fides thereof, will reach from 5oto'51 3 and there draw the 
Parallel 51, 51. Likewiſe for the Parallel of 52 degr. Set 
one foot of the Compaſſes in 52 degr. in the Line A B, taking 
the neareſt Diſtance to the Line A G : that Diſtance ſet npon 
the Meridian of your Sea-Chart , on both fides thereof, will 
reach from51to525 andthere draw the Parallel of 52, 52. 
Doe thus with all the Degrees, as 53, 54, 55, $6, and 57. So 
ſhall the Meridians of your Chart E F and H G be divided into 
whole Degrees. 

For the Sub-divifions of theſe Degrees, they may be divi- 


ded each of them into equal parts, as the Diviſions at the top 


2nd bottome of the Chart ought to bez but the Degrees of 


the Meridian, as they grow higher, —_ ought ſtill to grow 
greater. But the Dilference is —_ : it cannot produce 
a 


any 
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ary conſiderable Errour, though the Sub-diviions be all made 
equal between Degree and Degree, You may therefore di- 
vide them either into 60 Minutes or Engliſh Miles, or into 20 
Leagues, or into 100 parts of Degrees, as you ſhall beſt 


like of. 


But if you would make «Chart that the c betweew De-- 
_— on the AquinoGial "= 7 pt = 1c 
other Diſtance 6 a i) prope oy Be 

e an Inc 5, and ſetting one foot 
fete ſee Þ On. pg FEeds ty 7 5g 
_- to toxch = 454 we The leaſt Diſtance tekew from each 
Degree to this Line A H ſhall give you the er pay 7 Degrees 
 wponthe pwr at whoſe Di Degrees up- 
onthe Equinotial ore an Inch from each other. 


Your. Chart being: thus prepared, I'will now.come to ſhew. 
you how toxeſolve. ſeverall upon It; 


PrRoBit, IL. 


To find how m__P Leagues do anfwer to one- Degree of 
' Longitude in every ſeverall Latitude. 


P ON the two edges of- your Protracting Quadrant: 
u go <— <atFNg the one divided into 20, the other. 


into 60 pod wor 
Take the the leaſt Diſtance from the Complement of 
the Parallel's diſtance from the , (orthe Complement 
of the given Latitude :) this Di , being meaſured 
the edge that isdivided into 20, ſhall ſhew you what n 
= make one Degree of Longitude 1a that Parallel of 
- And the ſame Diſtance, » Derg. meaſured upon the 
_ edge that is divided 6 6 | give ſo many of our 
Miles, ——— » os any other 
great 
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CO er EE TC Ie CCL ein 
that Latitude. 

Example. Let it be required tofind how many Leagues do 
anſwer to one Degree of Longitude in the Latitude of 18 d- 
12 min. 

Set one foot of your Compaſſes in 71 degr. 483 min. the 
Complement of the given Latitude, and with the other take 
the neareſt Diſtance to the fide of the Quadrant which is di- 
vided into 20 : that Diſtance , meaſured upon the Line 20, 
will reach from the beginning thereof to 19: and fo many 
Leagues doanſwer to one Degree of Longitude in the Lati- 
tude of 18 degr. 12 min. 

Or, If you take the leaſt Diſtance from 18 degr. 12 m. 
the Laticude it ſelf, in the Limbof the Quadrant, to that edge 
which is divided into 60 , that Di will alſo reach to 
19 upon the Line 20, as before. 

And the ſame Diſtance, being meaſured upon the Line 60 
ol 006, CID and ſo man =_ 
nutes Aquator are W e toone Degree 
in the Parallel of 18 degr. 12 min. of Latitude. 

So likewiſe in the Latitude of 25 degr. 15 min. if youtake 
the leaſt Diſtance from the ement thereof , or from 
the Larvitude it ſelf, to the the Quadrant, you ſhall 
find that Diſtance toreach 18 in the Line of 20 * and ſq many 
Leagnesdo anſwer to one Degree of itude in the Lati- 
tude ike fo ht bro or unto 54 inthe Line of 60 :' and 
ſo many Minutes of the / do anſwer to one Degree 
of Longitude In that Parallel of Latitnde. 

anc! The Analogie or Proportion. 
mar ti tang? wma of the Latitude ; 

, F20 Leagues? to the num- { Leagues 2 vhichaafyer wo one Degree 
Sob}70 s ber of 46 þ  Langindein cha Lc 


Aaz PrxoBL, 


ProBL. II, 


By the Latitude of two Places and their Diſtance, to find 
the Rhumb, 


The Analogie or Proportion. 


As the Diſtance upon the Rhumb is to the Radrasz 
So1s the Difference of Latitudes tothe Co-line of the R humb. 
from the Meridian. - ). + 


Thus if the Places given were one in the: Latitude of 50 d. 
and the other in the Latitude of E 5 degr. and the Diſtance up- 
on the Rhumb 6 degr.. or 120 es; the Rhumb leading 
from one ta the other wilt 'be om; the third from the 
Meridian, namely, N. E. by N. 33 degr. 45 min.. 


180 


 Opon the Chart. 


ET A repreſent-the Place in the Latitude of 59 IE u 
Lon C that in.55-degr: whoſe Diſtance from A to C is 
Take 6 degr..out-of the Meridian-line, by ſetting 
_ ot as much below the lefler Latitude as above the grea- 
ter, which will be from-K in the Latitude of 49 : degr.. to. L, 
in the Latitude of 55 +3 eithey of which are- half a Degree. 
LL you and under the two given Latitudes... Take this Diſtance 
een r and feting ans opt in A A,.(the leſſer. 
e) 2) with other eraſs che Peraleh ah of ce from þ Las 
wn 55 degr. in the draw-arj 
to C. & flhe quan of he Ang leBAC, 


(either by bx your Chordor wand you the Ly 
tion of the - ——npypiucaſ 75 33 Es 45 min. .the 
N.E. by N. Point. 4 NG 3 \ 230) £3J Pq 


Note, That in the Propofi tions EEE the Difference of Lou- 
gitnde muſt always be taken ont of the Equator, and + 
there- 


by-Mercator's Chart. 81 
on alſo. But the Difference of Longitude and Diſtance 
upon —_ « Rhumb muſt alwaies be wget upon, and taken out 
+ the Meridian Line of your Chart. after I ſhall call 
them the proper Difference, and proper Mong 


PropBL., IV. 


The Longitude and Latitude of two Places: being giz 
ven, to find the Rhumb. 
The Analogie or Proportion. 
As the prope r Difference of Latitudeis to the Radius 


$o Is erence «fon ah to the Tangent of the 
Rhumb fromthe Meridian. | 0 


Thus if the Places ſhould lie one inthe Latirude of = deg} 
and the other in the Latitude of 55 degr. and the Difference 
of Longitude between themwere 5 degr. 30 min. the Rhumb 
leading from one Place. to the other wul be found tobe the 
third {hom the Meridian N. E, by;N.. 33 degr. 45 min. 


Upon the. Chart. 


HE Meridiaus and Paratiels being\drawa through this 
two Places at A and C, and a ſtraight Line from A to C, 
for the Rhumb, by your Chord or find" the quatizi- 


ty of. the Angle B AC, which you will findto-be 33 a 45 M-- 
or thethirdR.bumb from the MeridianN. E. by N. . 

| Fue if thic Rhineb vere t6'be fondly the Commote $e4:chine, 
it would be found to be above 47 degr. that is, N.E. 2 
Eaſterly, that is, one whole Point and 2 degr. more Eaſterly t 


it. ſhould be. 


Aa'3 PrROBL.. 


PY Problems of Seiling © 


PrRoOBL, V. 


The Latitude of two Places and the Rhumb being given, 
to find the Difference of Longitude. 


The Analogie or Proportion. 
As the Radiusis to the Tangent of the Rhumb from-the Meri- 
dian 3 
So is the proper Differenceof Latitudes tothe Difference of 
Longitude. | 
Thus the -Latitude of one Place being 50 degr. and the 
other 55 - and the Rhumb leading from one to the other 
being the third from the Meridian, the Difference of Longj- 
tude -will. be found to be 5. degr. 


'Upou the Chart. 


ET a Meridian be drawn through A, and a Parallel of 

Latitude through C. Then upon the Angle A l -_ 

the Angle of the Rhumb 33 degr. 45 min. So the Diſtance 

BC upon the Parallel, being meafured upon the bottome of 
the , will be found to-contain'6degr. 30 min. 


But if this Difference of Longitade weve to be found by the Plain 
—_— fog mak Sealed be Fran to be but 
3 degr.. 20 min. which is more then 3 degr. leſs then the truth ; 
4 —_ And yet this Erroxr would be yet. greater, if 
either the Latitude be greater, or the Rhumb farther from the Me- 


be 4 
ridiex 


PrxoBL. 


by Mercator's Chart.. 83. 


PrROBL, VI, 


The Difference of Longitude of two Places, the Latitude 
of one of them, and the Rhumb leading from one to 
- other, given, to find: the Latituge of the other 

lace. 


The Analogie or Proportion. 
As the Radius is to the Co-tangent of the Rhumb from the 
Meridian 3 
So is the Difference of Longitude tothe proper Difference of- 
Latitude. 


Thus if the Latitude of one of the Places were 50 degr: 
the Rhumb leading from that to the other N..E. by N. 33 d: 
45 min. and the Difference of between the two-+ 
Places were 5 degr. 30 min. the Latitude of- the other Place 
will be found to be in 55 degr. 


Upon the Chart. 
F. AB and DC be twa Meridiansdrawn through A 


and C, at 5 zd. the Difference of Longitude, aad a Par- 
l of Latitude through A, croſſing the Meridian C D in D.. 
Then. upon.the Point A protrat an Angle equal to the 
Rhumb from the Meridian given 33 degr. 45 min. So the 
LineCD, being meaſured upon the Meridian from A, the. 

iven Latitude, 50 degr. will reach to 56 degr. the proper 
Difference of Latitude. So that-the other Place lics in the 
Latitude of: 56 degr.. 


But if this Difference of Latitude were to be found by the Plain 
Sea-Chart, this Difference of Latitude would be found to be8 d. 
13 win. and the Latitude ſought would be found to be 58 degr. 


I 3-018. 


184. Problems of Sailing 
13 win. above three Degrees more then the truth. As by the Tri- 
angle for that purpoſe drawn npon the Plain Sea-Chart, marked 
withTV E, may appear. 


ProBLt, VN. 


Having the Latitude of one Place, the Rhumb leading | 
from that Place to another unknown.,and the Diſtance | 
upon the Rhumb from-the firſt to the ſecond Place, to 
find the Difference of Longitude of the two Places. 


| The Analogie or Proportion. it 
Asthe Radius is to the Sine of the Rhumb from the Meridian 3 
So is the proper Diſtance upon the Rhumb tothe Di 
of Longitude. 


Thus if the-two Places were-one in the Latitude of 50 degr. 
and the other in a greater Latitude, but unknown 3 the proper 
Diſtance upon the Rhumb _— from one place to the other 
being 6 degr. and the Rhumb N. E. by N. 33 degr. 45 min. 
the Difference of Longitude will be found to be 5 x degr. 


Upon the Chart. | 
Hrough the Point Ain the Latitude of 50 degr. let be / 
drawna Meridian A B, anda Parallel} A D 3 and upon 
the Point A protrat an Angle equal tothe Rhumb from the 
Meridian 33 degr. 45 min. Then take with the Compaſſes 
6 degres, the proper Diſtance upon the Rhumb, out of the 
Meridian-line, ( having reſpe& to the Latitude of the Places) 
as from K toL, and ſet that Diſtance upon the Rhumb from 
AtoC. Thenthrough C draw another Meridian CD, crof- 
fing the Parallel drawn through A in the Point D. So the 
Line AD, being meaſured at the bottom of the Chart , will 
be found to contain 5 £d. the Difference of Longitude ſought. 
But 


byMetrator's, Chart: 
But if this Difference bed been to be found. 

the —_—_ phy + rr —_— L found) oy ay ob onely Ry 

20 avir. which is 2 degr. 10 min. leſs then the truth; as .im the 

Plain Chart may be ſeen, where the third Rhumb from the Me- 

ridian cuts the Par of 55 degy OED 3-0egr. 2h as. 


Fagan at the Point X. 
ProBL. VIII.” 


The Difference of Longitude between twa Places, the 
' Rhumb leading from one Place tothe other, and the 
Latitude of one of the Places, wid 8fven, to Jo 
theix Diſtance. 36: Jhitke 


The FR 4. or Propertion... 

As the Sine of the Rhumb from the Meridian to che Diffe- 
rence of Longitudes 3 

So is the Radius to the proper Diſtance of ws! two TOM up- | 
on the Rhumb. 


Thus, if the Latitude of Ms were in odegk the 
other in a greater Latitude unknown, the Differetice of Lon- 
uu between the two Places 5+ degr. and the Rhamb N. 

by N. 33 degr. 45 min. from the Meridian; the proper 
Diſtance upon the Rhumb will be found to be 6 degrees. 


- * 


Upon the Chart. 


'ET two Meridians, A'B and CD, dedtarachkiengh A 
and C; eo the Difference of rand a 
Parallel of Latitude h A, crolling the Meridian C D in 
the Point D. Thenupon the Poine- A protrat an Angle 4 
33 degr. 45 min. the of the: Rhumb from the 
dian, and draw the Line A croſſing the Meridian, CD in 
C. "Sothe Diſtance CD, 'being taken inthe Compaſies, 2nd 


» Dioblems of Sailing 
meaftred* aport” the\Weridian-ine of the: Chart;:(reſpettbe- 
ing hadtothe Latirade of the Places.) that is,, (© auch above 
thegreater Latitude as below the lefler Latitude, you will find 
it tocontata6Yepe. ©!» 1% | ” 

Bur if this ferttihg of the Compaſſes ſomucb above one La- 
titude as below another ſeem difficult, it may be thus other- 
wiſe done. ——For, the Rhumb Line being drawn, it will 
cut the Meridian C DinC: fo.a Parallel drawn through C. 
will cut the Meridian A B inB : fois Bthe Latityde of the 
ſecond Place; viz. 55 degr: -Then divide the Diſtance be- 
tween: the two Latitudes A andB. in-twa <qual parts iti the 
Point Mz alſo divide the Rhumb-Line A-C in two equal 
parts in N : thentake the Diſtance N C'or N A; and ſerti 
one foot of the Compaſles in M, the other will reach-to 
above the greater Latitude , and from Mto-K as much below: 
the leſſer Latiende” iditnely, 30 min- or half a Degree on. 
either fidez fo that: between K and: L are-contained 6 degr. 
and that is the proper Diſtance upon the Rhumb.. 
: | . { = 13 ho” ' 1 v FER SY Webs [of | O1 j 

But if this Diflance were to be found by the' Plain: Chart , it 
world. be almoſt 10 degr. or 197 Leagues,. which is 77 Leagues 
wore then in truth it ſhould be. As may appear, if you meaſure 
the Line A L inthe Plain Chart, wpox the Side thereof, 
Ke 4- | TY . —- ape Fe "4 | 


-PRopL. 1X07): 1 


The Difference of Longitude, and Diſtance of two Places, 
with the Latitade of,ong of the Places, being 40h þ 
to. find the Rhumb that leads fromgone zothe other. 

The Analogie or Propartian. (i 

As the proper Diſtance upon the Rhumb. is to-the Ditterence 

of Loghndes > 7 ions 2 A ork nt ut ho 

So isthe Radius tothe Sine of the Rhumb from the Mins, 


by Mereator's Chart. #7. | 


Thus, ifone of the Places lay in 
and \ wn other in a greater Latitude Coane, Bhs mnnomns tb the TX 


ference of Longitude between them 5 zdegr, and' their pro- 

per Diſtance. upon the Rhumb. 6 degr. Inclination of 
- = Rhumbto the Meridian which leadeth from one: Place 
to the other will-be found to be 33 degr. 45 min. that, is the 
N. E. by N. Point. 


Vpon the Chert.. 


ET the Meridians A BandD Cbedrawntl hA'and 
Goamd through A Parallel of Latitude AD... [Then open 


be ra Pore ney anRooda 

ering, with the other Ges in 

as by Wo FRE. REDS 
our 

BAC, 33 degr. 45 10d ths te Rnd 

N.E. by N.. 


107K 


"- were fo find is Rhumb by _ Plain See Chart , 

+ would fond aldofthe main DT ering 

differing from truth verg near 3 who t#the Enftarard..\ 
ProBi "_ & £ I $9334 2 þO 


The Longitude and Latitude of two Places being oo 
to find the Diftance upon the Rbunb, ogons 


| | The Analogie or Proportion. 
As the roger Dillornce of Tarlac ; the T Rad, 
Solis t erence —< ec_Y angent e 
— 


hate ot $ia.che Di 


8 Prof Sul" 
appetite pig "1 5 OI 


"This, the two Places bein 6r8 Thrthehatinide bf-50 degr: 
the other in the Latinide of 55 deg -anid ko Fe wn mens no _ 


Longitude between them fe egr: the ſtance 
dpon' the RAwals will be fou ger ri TED 
Upon the Chart. T 


RAW the Meridians ns AB and'C WED, the Difference of 


Lan rerpoPmn bers Þ cgh nid chevag 
leidirlp S116 the Liber AC, 


' atimealarned apes the 
vga 
ett ehEfart of the Gompaiſes 

reſt in the PointsK and L; one being 30 min. below the: leſſer 


Latitude, and the other 20 the greater. 
« Uind0- 2% winl od xd Ive ER WIE 


nie $f 7h the 'nDuim} Were tobe Sd he 
rk Farr bearer Johns ihe 'ukaoft y* Sets 15 ap 
245 Leagues, which is 25 Loagues avore then it ſhould be. 


WY Ba utl J*, Q [in Þ. Nl Pray nin) bn INTY 


$04 vong wana 44 Ye 


The Latitude of” Loo their Ys PI the 
Rbumb being giweny $0:findhdbeir Difference of Lon- 


1 912 03 & eobutizgd to 95m; roll qa 73qJOTq 9 112A 
>|: 16 2m2ga6Þ ods 0) eobriignod to v2n9rcH; Q 317 »t oc 


The Analogie oridbigedlian: Mot fin 


y cn punhnyo Pn Gee oh 


_ .Rhumb from the Mexidian : 


by Mercator Chart. 189; 
And 
So1s the Sine aa Pn Rhumb from the Meridian: tothe Diffe-. 
rence of Longitude. 


| Thus, nk one of the wp br the Latitude: of 50 degr:. 
and the other 1a 5.5: cir-proper Diſtance uponthe 
Rhumbs iy the or 120 League z. their Difference of oogh- 
tude will be found to-be'$ degr. 30 min, 


Upore the Chart: 
1» 


Raw AD pt BC, too Paialleloof L of Latitude, KY 
$6 depri'a f. W ti- 
rades, \Sefrvanl 50h. SURIRe Bn \s +:quls 
Diſtance upon the Rhumb (ha reſpe& to both Lati- 
Dice >m-'K roL : the Compaſis ba ng gpencd to-this - 
being ſet in A; the leffer T arkade, the other. 

will croſs the Parallel bf the eater Laritude'Wn C. '$b the. 
Diſtance B C, being meaſured at rhe bottome of the Chart 


from E, will > hGs 5 Gage: 36 min.. And ſuch is the Diffe-- 
renee of Longitude between the two Places: 


this ence Hude wwnrvo be found the Plain 
oft the Diem oof Longad rele be fon lyola He 


IO min. leſs hep the rradht « by the Triaag/e.'T #. E drewe. 
pon the Plain Chart may appear. 


'ProBL,_X1I, 


The Difference of Longitude of two Places, their: Diſtance : 
upon the R ET and the Cotadeay one of the Pla-- 
ces, being given, to find th ? Difference of Latitudes. 


The nelogie of Propertion.. 


Avetl proper Diftatce f the thh0 Plicpv wk | 
Soca pheT army ies: 


Bb 3 3 


190 Problems of Sailing 
So is the Difference of Longitudes-to the Inclination of the 
_ jRhumbto the _—_ o 

'$o is the Co-fine of the Rhumb fromthe Meridian ts the Dif- 
ference of Latitudes. 


Thus,the Difference of Longitudes being'5 # degr.their pro- 
per Diſtance-upon the Rhumb &'degr. and the Latitude of one 
of the Places 50d. the Difference of Latitudes will be found 
to be 5d. 


. - - 


Upon the Chert. = 

| Hronghave given Latitude A draw aMeridian AB, anda 

[ P AD, andupoatke Parallel ſet the Difference 
of Longitude 5 5d. taken from the bottom of the Chart, from 
Ato D, and through D draw the Meridian D C. Then out of 
the Meridian-line take the proper Diſtance upon the Rhumt 
6d. from K ts L, and ſetting one foot of the Compaſſes in A, 
with the other croſs the Meridian CDinC : fo a Parallel of 
Latitude drawn through C will bethe Parallel of 55 d. Sois 
55 d. the Latitude of the other Place, and go being taken 
from 55, leaves 5 d.for the Difference of Latitudes required. 


#hich Difference, had it been to be found by the Plain Chart, 
world have been but 2 d. 25 m. that is, 2d. 35 m. leſs then the 
truth; as by the Triengle T V E wpox the Plain Chert may appear. 


PrRoBL, XIII. 


The Latitude of two Places andtheir Difference of Lon- 
gitudes being given, to find the Rhumb leading from 
one to the other, and alſo how many Degrees diflant 
they are aſunder. 


THIS —_— ——_—_—_——— © 
ofthe two Places A and Bz but for Variety I will 


two other Places,and onely ſhew the manner of working upon 
the Chart. | Sup- 


- by Mexcator's Chare.. 298 

Suppoſe then two Places, one (as before) in the Latitude of 
god. the other in the Latitude of 52 degr. 30 min. whoſe. Dit- 
ference.of Longitudes is 6 degr. 


Upon the. Chart. 


'Fhrough the two given Latitudes: 50'd. and 52 2, at A and 
© draw two Parallels, O P and A D, upon which ſet the Dit-- 
ference of Longitudes from O to P, and from A to Q, 6 degr. 
Then draw the Line AP,which fhall be the Line of the Rhumb 
leading from one Place to the' other. wherefore , by. your 
Chord or.Protracting Quadrant find the quantity of the Angle 
Q A P, which ſhall be the Inclination of the Rhumb to the. Me- 
riian, and will be found tobe56d. 15 m. that is the N. E. 
by E.Point.3 which was the Firſt thing that was required.- 

Then to find the proper Diſtance upen the R-humb 3: Fake 
the Line A P in your Compaſles, and meaſure it upon the Me- 
ridian-line, ſo that one foet may be above the greater Latitude 
ſo mach asthe other is below the leſſer 3 and you will find the 
Compaſs-points toreſtin E and S, E being one whole Degree 
below. the leſſer Latitude, and S one Degree above the grea- 
ter. Sothat there is intercepted between E and'S 4 # degr. And 
that.is the proper Diſtance upon. the Rhumb 5 which was the 
Second thing required... 

Ext if this Problem had beer wrought upon the Plain Chart, the 
Rhumb from the Meridian would be found to be 674.23 m. that is, 
-naagy 7 m.of the 6* Rhumb;which is more then the truth by 11 d:. 

mt. . 


PrRoBL, XIV; 
A Ship ſet ſail from the Latitule of 50 degr. upon the 
: 5 2606s N. E.by E. after hl ſhe hal made 36 
agues of way upon that Rhumb, tbe wind changing, 
ſhe was _—_ to fail 50 Leagues npon the 7 
Rhumb E, by N. Iwould know in what Longituie and. 
Latitude the Ship is, Th Upor: 


492 Problems of Sailing, &c. 
Upon the Chart. | 


HE Rhumb-Line A P being drawn, ſet off thereupon 
36 Leagues ( which was the way that the Ship made 
upon the fifth Rhumb before the Wind changed)from A to T, 
(which Diſtance' muſt be taken out of the Meridian-line by 
opening the Compaſles from 50 d. to'51, 48. or better, to as 
much below 50d. as above 51 d.) $o ſhall the Point T be the 
Place that the Ship wasin when the Wind altered. Soa Paral- 
ll drawn through T upon the Chart will cut the Meridian at V 
in 51d.andin that Latitude the Ship was. Now to find in what 
Longitude ſhe was; Take in "Compaſies the Line T V,and 
meaſure it at the bottom oft rt, youſhall find it wilkreach 
fromE to 24.21 m. And in that e the Ship'then was. 
This done,upon the Point T:(where the Wind changed, and 
drove the Ship 2 Points more Eaſtwardly, namely,uponthe E. 
by N. Point) protratan Angle of 22d. 30 m. namely, the An- 
glePTX, @hich is the Rhumb upon which the Ship ſailed 50 
Leagues after the Wind changed. Therefore take 50 Le: 
out of the Meridian-line , and ſet them from T to X. So ſhall X 
be the Place that the Ship was in after ſhe had ſailed 50 Leagues 
upon the E.by N.Point 3 which,by drawing a Parallel through 
K, will be found inthe Latitude of 51 d. 30'm, and by drawing 
of a Meridian through K atlfſo,it will be found to be in the.Lon- 
gitude of 6 degr. 16 min. | 
But if theſe Courſes had been protralted according to the Plain 
Sea-Chart, the Point T would fall in the Latitude of 51 degr. and 
the Point X in the Latitude of 51 degif®30 m. But the Longitude 
of T wonld be onely 1 d. 30 m. end the Longitude of X in. d. 
57 min. Both theſe Longitudes being added, - make but 5 d, 27 ne. 
for the Difference of Longitude between X and the firſt Merfdian 3 
whereas by the other Chart it is 6 d. 16 m. $0 that the Ship at X is 
33 m. Weſtward of the Place $0 which ſhe was bownd. 
- Theſe Differences , which 1 have obſerved to be between the 
' Plain and Mercator's Chart, may be ſeen by comparing the 
Scheme of the two Charts together. 
' F' I BH JF &* 
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